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Although Heymans’ original conclusion (16) that the h 5 ^perpnea of 
anoxemia is essentially a chemoreceptor reflex phenomenon has now been 
accepted almost universally, several important points in this connection 
are still unsettled. One of these is the direct action of anoxia on the 
respiratory center — whether this is purely depressant, as the preponderance 
of evidence seemed to us to indicate (19), or whether dhect stimulation 
of the center plays a part in the defense of the organism against anoxemia, 
as Dautrebande (5) and Gesell (13) have claimed. Another is the threshold 
of sensitivity of the chemoreceptors to anoxemia — whether this is so low 
that a considerable amount of chemoreceptor activity is maintained even by 
the arterial ox 5 ’’gen tension nonnally present during eupnea at sea level, 
as Euler et al. (8) (9) (10) and Gesell and co-workers (14) believe, or 
whether the threshold is relatively liigh, as indicated by the absence of 
respiratory depression in nonnal men when the 3 ^ breathe ox^^gen at sea level 
(15) (21) and by the lack of hj^perpnea in aviators until thej’" reach an alti- 
tude higher than 4000 feet (1). Another point that deserves further stud}'" 
is the combined effect of anoxemia and hypercapnia simultaneously ehcited 
— a combination which Dill and Zamcheck (7) have recentty found to be 
increasingly stimulant in man in direct proportion to the intensity of either 
stimulus, at least until the anoxemia became veiy severe. The addition of 
COo to mixtures low in O 2 definitelj’’ improved arterial O 2 saturation in 

' This investigation was partly financed through the National Committee for 
Mental Hygiene from funds granted by 'the Committee on Research in Dementia 
Precox founded by the Supreme Council, 33° Scottish Rite, Northern Masonic Juris- 
diction, U. S. A. 

- Guggenheim Fellow in Physiology. 
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their subjects, and Bergeret (3) reports similar findings in aviators. We 
hoped to elucidate tliis relationship by securing data on the extent to 
which it depends on chemoreceptor reflexes — a point which cannot be de- 
cided by existing evidence, for Gellhom and Lambert (11) state that the 
effects of anoxemia and hypercapnia are still additive (in dogs) after 
chemoreceptor denervation while Smjrth (22) found that anoxia only 
depressed the respiratory response (of rabbits) to CO 2 after the denervation. 

Discrepancies such as these are the result of drawing conclusions of 
general importance from a few illustrative examples, a procedure that has 
been characteristic of most of the literature on chemoreceptor reflexes in 
the past. For reasons that have been presented elsew^here (19), "we are con- 
vinced that the role of these reflexes can be determined only by experi- 
mental evidence that is adequately quantitative in amount as w'ell as 
nature, and it was our purpose in these experiments to obtain such evidence 
bearing on the points just mentioned. As in an earlier study (20) dealing 
with the effects of hypercapnia, we emplojmd methods as simple and un- 
objectionable as we could make them. 

Methods. These were similar in the main to those employed in our previous 
work (20) as far as animals (unsclected dogs weighing 10 to 18 kgm.), recording of 
respiration (by pneumograph and measurement of air expired through a valved 
tracheal cannula) and blood pressure (by a Hg manometer from a femoral artery), 
are concerned. In the present study however we used smaller doses of chloralose 
(20-25 mgm. per kilo injected intravenously during light ether anesthesia following 
a preliminary injection of 2 mgm. of morphine per Idlo subcutaneously). These 
animals were therefore under very light anesthesia and the experiment had to be 
completed within 4 hours to obviate the necessity for more chloralose. Another 
change in technic was the use in these experiments of the ligation-collapse method 
of Gesell, Lapides and Levin (14) for inactivating the carotid pressoreceptors instead 
of the more laborious and dangerous method of section of nerve fibers used in our 
earlier experiments. We also succeeded in some experiments (nos. 1, 2, 4, 5, 6, 8 
and 14) in separating one depressor nerve from the vagus trunk; in these cases the 
former nerve was cut and the latter was spared, but the other vagodepressor was 
always cut. In the others (nos. 3, 7, 9, 10, 11, 12 and 13) both vagodepressor nerves 
were cut. The adequacy of chemoreceptor denervation was tested by intravenous 
injection of NaCN in dosage (4-6 mgm. total) sufficient to produce strong hyperpnea 
before denervation; in only one experiment (no. 10) was there any appreciable stimu- 
lant effect from this after the carotids were denervated, and in this case the one vagus, 
previously left intact after cutting a group of fibers which responded like the depres- 
sor to electrical stimulation, was then cut before the experiment was carried further, 
following which the stimulant effect of NaCN was entirely gone. This is the only 
case in which the condition of the vagi was altered during the course of the experi- 
ment. Carotid denervation was accomplished by complete division, between liga- 
tures, of all attachments of the carotid reflex zone, vascular as well as nervous; since 
the method used to inactivate the carotid sinus pressoreceptors involved ligation of 
the common, internal, and external carotid arteries, the cerebral circulation w.as not 
further modified bj"^ this method of denervation. The reactivity of each animal was 
tested by intravenous injection of NaCN (chcmoreceptors) and by inhalation of 
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CO 2 in O 2 (center); experiments in wliicli low reactivity was indicated by either 
test were discarded. 

Blood samples were collected from a large cannula in a femoral artery into pyrex 
tubes under oil, heparin (0.1 cc., 100 units) being added to each to prevent clotting, 
and on each occasion two samples of about 10 cc. each were collected. One of these 
was used for estimation of oxygen saturation, the other (in which melted paraffin 
wax was immediately poured into the oil over the blood) for estimation of the CO 2 
content and pH of the plasma separated bj’’ centrifugation; the analyses were begun 
as soon as the samples were collected and the specimens were kept in the ice box 
until they were analj'zed. Blood gas analj’^ses were made by the manometric method 
of Van Slyke (18), pH determinations in a closed glass electrode at 38°C. ; the accuracy 
of each pH reading was checked against estimations on two buffer solutions of known 
pH. Arterial O 2 saturation was estimated in the usual .way (18) by comparing the 
O 2 content of the blood with that of the same blood after saturation in room air at 
room temperature; this was routinelj’^ determined on the first and last samples in 
each experiment and since no appreciable changes were found similar estimations 
were not made on the intervening specimens. To change the gas content of the 
blood we permitted the animal to inhale, via the inlet valve and from a Douglas bag, 
various gas mixtures, as follows; Room air, pure (tank) O 2 , O 2 + 3.5 per cent CO 2 
(about), mixtures low in O 2 (10, 12, or 14 per cent in N 2 ), and the same mixtures to 
which we added about 3.5 per cent CO 2 . The gas content of the C02-containing 
mixtures was determined in each experiment by means of a Henderson-Haldane 
gas analj’zer (18); each of the O 2 -N 2 mixtures was prepared in a large cylinder at 
the factory and the same mixtures were used throughout these experiments. 

The course of a typical experiment was as follows: After we had tested the 
animal’s reactivity to NaCN and had permitted a period of quiet breathing of air 
for at least 10 minutes, the first blood samples were taken. The blood was replaced 
by transfusion (via a femoral vein) of 20 cc. of fresh heparinized dog’s blood, and 
this was also done after each subsequent collection. Then the animal was allowed 
to breathe pure O 2 from a Douglas bag and a second sample was collected at the end 
of 5 minutes; breathing usually became steady within 2 minutes but here, as in the 
other experimental periods, we tried to be certain that our data pertained to a 
steady state. Then (without a pause) CO 2 in O 2 was substituted for the O 2 and the 
third blood sample was collected at the end of 5 minutes (occasionally 6 if breath- 
ing had not been steady for 2 min. at this time). After a pause of 10 minutes the 
animal was made to breathe a mixture low in Os but without added CO 2 ; a fourth 
blood sample was collected after 5 minutes of this. Then (without a pause) a similar 
mixture containing CO 2 was applied and a fifth blood sample was collected after 5 
minutes. This completed the series of observations with the chemoreceptors func- 
tioning. The latter were now denervated and the completeness of the process 
was tested by intravenous injection of NaCN. Then the entire series of inhalations 
and blood collections was repeated; the CO 2 -O 2 mixture used after the denervation 
was in all cases the same as that used before, but after several animals rapidly suc- 
cumbed after denervation to inhalation of an O 2 -N 2 mixture that had previously 
been well tolerated, we routinely used gas mixtures containing 2 per cent more O 2 
after the denervation than before it, both with and without added CO 2 . Thus 
10 per cent O 2 before denervation was followed by 12 per cent afterward, or 12 per 
cent by 14. Arterial PCO 2 was estimated from the plasma CO 2 content and pH, 
by the Henderson-Hasselbalch formula (18). Arterial PO 2 was calculated from the 
O 2 saturation and the pH, using the data and formula given by Dill el al. (6). Meas- 
urements of respiration (rate and minute volume) were made on the kymographic 
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tracing for 2-ininute periods except for a few instances in which (with low O 2 after 
chemoreceptor denervation) it was necessarj’’ to terminate the observations while 
breathing was showing progressive depression; in such cases a one minute period 
had to suffice. 

Thus we were enabled to secure data on: 1, the behavior of respiration (rate and 
minute volume) and blood pressure when a lightly anesthetized animal whose chemo- 
receptors were known to be capable of strong activity was made to breathe succes- 
sively room air, pure O 2 , 3.5 per cent CO* in O., 10 or 12 per cent O 2 in N 2 , and the 
same plus 3.5 per cent CO 2 ; 2, the part played by chemoreceptor reflexes in these 
phenomena; S, the corresponding changes in arterial O* saturation, pO*, pH, and 
PCO 2 . Fourteen technically satisfactory experiments were made; in 3 of them the 
mixtures used to elicit anoxemia contained 12 per cent 0* (before denervation) 
and 14 per cent (after denervation), while in the remaining 11 the corresponding 
percentages were 10 and 12; this change was made because the former mixtures turned 
out to be poorly effective or ineffective in producing anoxemia in our animals. These 
particular experiments are chosen for this report only because they were free of 
objection on technical grounds; the data to be presented below are unselected other- 
wise. A considerable number of other experiments had to be discarded for various 
reasons. In some there was trouble with narcosis, which was either so deep that 
the animal’s breathing did not respond to 3.5 per cent CO*, or so light that breathing 
was too irregular to enable us to obtain valid data. In others the circulation was 
greatly depressed, either from the start or following the anoxic periods. In still 
others the analj'tical data were incomplete or otherwise faulty. In a few the ohemo- 
receptors must have been damaged during the dissection for intravenous injection 
of NaCN elicited little or no hyperpnea. 

Results. 1. The effects of alterations in the arterial oxygen tension (pOz)- 
a. Increased 'pOz. When 100 per cent O 2 was substituted for room air 
at the start of the experiment (i.e., with the chemoreceptors intact) respira- 
torj’- minute volume was decreased in 8 of the animals and increased in 6 
(tables 1 and 2). The changes exceeded 10 per cent in onlj’- 2, however, 
and were almost equal in opposite directions in these. Changes of 10 
per cent are little if at all beyond the range of error of these measurements 
of the volume of expired air and Ave do not regard them (or smaller changes) 
as significant. In a number of these animals there was a considerable 
depression of breathing immediately after oxygen inhalation was begun 
but in every case but one this was transitory; the data given in table 2 
portray the findings during the steady state reached within 5 irunutes after 
the oxygen inhalation began. The temporary depression that sometimes 
ensued when oxygen was first inhaled indicated that some chemoreceptor 
activity had been present in these particular animals ; the transitory nature 
of the effect indicates that the reflex factor was non-essential under the 
conditions of these experiments. The changes in the blood shown in tables 
1 and 2 afford additional evidence against an important grade of chemo- 
receptor activity maintained by the arterial pOz associated Avith quiet 
breathing of air because arterial cH and pCOz shoAved no definite and con- 
sistent increase Avhen oxygen Avas breathed. It is noteAVorthy that in every 
case in A\ffiich arterial pOz Avas at or beloAv 60 mm; Hg during the period of 
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TABLE 1 

Respiration and arterial blood during quiet breathing of air and the 
effeet of ehemoreccptor denervation on them 
In this table, as in all others in this paper, the first 3 experiments are treated 
separately because the grade of anoxemia was less severe in them than in the others 
(see tables 3 and 5) ; the experiments were all identical in all other respects. The 
numerical designation of each experiment is the same in all the tables. In every case 
the figures for respiration are the findings during the steady state existing during the 
2 minutes just before the blood sample was collected, which was usually 5 or 6 minutes 
after the start of the inhalation of the gas mixture under investigation. The per- 
centage changes in respiration indicated in the tables are based on minute volume 
and the control level from which they were calculated is indicated in each case; in 
table 1 the changes shovm in the last vertical column are those observed during quiet 
breathing of room air 5 to 15 minutes after the denervation as compared with the 
corresponding figure just before denervation. The incompleteness of the analytical 
data in experiment 1 was due to a misunderstanding, that in experiments 11 and 13 
to breakage during centrifugation of the tube containing the blood on which arterial 
COj content and pH were to be determined. 



ARTERIAL BLOOD 

RESPIRATION 

EXPERIMENT 

Sat. with 0:, 
per cent 

pOj, mm. 
Hg 

pCO;, mm. 
Hg 

pHt 

Normal 

Denerv'ated 



Nor- 

mal 

Do- 

ncr- 

vated 

Nor- 

mal 

De- 

ner- 

vated 

Nor- 

mal 

De- 

ncr- 

vated 

Nor- 

mal 

Do- 

ncr- 

vated 

Rate 

Min. 

vol. 

Rate 

Min. 

vol. 

tc 

c 

a 

O 








■ 

■ 


cc. 

1 

CC. 

per 

cent 

1 

95 

94 





HI 

m 

9 


19 

B 

-f66 

2 

96 

96 

80 

90 

32 

32 



n 


19 


4-33 

3 

94 

96 

74 

84 

42 

38 



m 


10 

R 

4-18 

Average, 
1-3 

95 

95 

77 

87 

36 

35 

7.40 

7.35 

9 

2920 

12 

4080 

4-39 

4 

90 

89 

50 

51 

29 

31 

B 

7.47 

10 


13 

3250 

-13 

5 

88 

89 

53 

43 

29 

25 


7.46 

8 


8 

3250 

4-8 

6 

96 

97 

90 

90 

41 

38 

7.36 

7.37 


HSii 

6 


4-10 

7 

82 

96 

60 

95 

45 

28 

7.19 

7.20 


2200 

6 


4-27 

8 

82 

96 

62 

90 

45 

31 

7.25 

7.32 



9 


4-66 

9 

82 

90 

50 

61 

37 

35 

7.34 

7.36 



6 


4-11 

10 

91 

87 

66 

60 

44 

36 

7.32 

7.30 

29 


25 


4-5 

11 


95 


80 


40 


7.32 

8 


9 

Blnii 

4-32 

12 

94 

94 

85 

85 

57 

50 

7.20 

7.20 

7 


14 

5750 

4-37 

13 

86 

83 

63 


45 


7.23 


16 


17 

4750 

4-19 

14 

91 

90 

76 

76 

40 

36 

7.27 

7.24 

9 

4200 

8 


4-19 

Average, 
4-14. . . . 

88 

91 

66 

73 

41 

35 

7.31 

7.32 

9 

3520 

11 




air breathing, respiration was considerably depressed at first by oxygen, 
and the single instance of a considerable and maintained depression 
(expt. 4) was in the animal that showed the lowest arterial p02 encountered 
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during the control period (50 mm. Hg). The data are consonant wdth the 
belief that a persistent depression of breathing by oxygen occurs only when 
arterial p 02 was distinctly subnormal before oxj’-gen was given. 

After chemoreceptor denervation ox 3 ’’gen inhalation led to an increase 

TABLE 2 

The effect of inhalation of 100 -per cent O 2 


The indicated percentile changes in respiratory minute volume are from the level 
during quiet breathing of air (table 1). 



ARTEHIAIi BLOOD 

RESPIRATION 

EXPERIMENT 

Sat. with. Os,* 
per cent 

pCOs, mm. 
Hg 

pH, 

Normal 

D enervated 

Nor- 

mal 

Do- 

ner- 

vated 

Nor- 

mal 

De- 

ner- 

vated 

Normal 

Dener- 

vated 

Rato 

Min. 

vol. 

Change 

Rate 

Min. 

vol. 

Change 







■ 


cc. 

per 

cent 


CC. 

per 

cent 

1 

100 

100 

33 

20 

7.44 


10 

Hi 

-3 

15 

BE! 

+2 

2 

100 

100 

32 

22 

7.46 


n 

n 

+8 

11 


+19 

3 

100 

100 

38 

33 

7.36 

7.39 

M 

m 

+9 

9 


+23 

Average, 

1-3 

100 

100 

34 

25 

7.. 42 

7.44 

9 

3050 

+i 

12 

4620 

+13 






4 

100 

100 

31 

28 

7.48 

7.48 

10 

m 


13 


+8 

5 

100 

100 

32 

23 

7.38 

7.43 

7 

n 

-8 

8 


+13 

6 

100 

100 

41 

34 

7.38 

7.40 

5 



7 


0 

7 

100 

100 

47 

25 

7.20 

7.27 

4 

2400 

-f-9 

7 


+27 

8 

100 

100 

44 

27 

7.26 

7.35 

5 

3300 


9 


+8 

9 

100 

100 

42 

34 

7.31 

7.35 

6 

4150 

-8 

6 

5700 

+14 

10 

100 

100 

38 

35 

7.38 

7.31 

30 

HI 

-4 

21 

4600 

-8 

11 

100 

100 

48 

39 

7.32 

7.31 

7 

SI 

-4 

10 

4250 

+21 

12 

100. 

100 

53 

46 

7.21 

7.22 

9 

4500 

+2i 

14 

7250 

+26 

13 

100 

100 

35 

37 

7.33 

7.21 

17 

3750 

-6 

17 

5250 

+11 

14 

100 

100 

42 

34 

7.26 

7.24 

8 

3800 

-10 

9 

5750 

+15 

Average, 
4-14 

100 

100 

41 

33 

7.32 

7.32 

10 

3360 

-5 

11 

4840 

+12 







* The O 2 content of most of these blood samples was greater than that correspond- 
ing -ndth 100 per cent saturation, the excess being presumably due to O 2 in physical 
solution. We have been unable to find an acceptable method for calculating arterial 
PO 2 under such circumstances and have therefore omitted this column from the table. 


in pulmonary ventilation in 12 of the 14 experiments; in 9 the change ex- 
ceeded 10 per cent and may be regarded as significant (table 2). In one 
case breathing was unchanged and in one it was slightly depressed (8 
per cent). Since there was no increase in arterial pCOs or cH to account 
for the observed respiratory stimulation it most probably was due to in- 
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creased excitability of the center, and this can best be attributed in turn to 
an acceleration of the vegetative oxidations vdthin the central neurons. 
The possibility that the responsible factor was an increase hi pC02 within 
these cells because of decreased capacity of the hyperoxj’^genated blood to 
transport COo away from them (2) (12) is denied by the fact that arterial 
pCOs was lower during the inhalation of oxygen than in the control period 
in all of the animals ivhose breatliing was increased more than 10 per. cent 
b}”- oxygen. It is of course possible that the pCOs within the center may 
have risen independently of the arterial blood during O 2 inhalation, but 
if equilibrium between arterial blood and nerve cells with respect to CO 2 
is not present a much more serious discrepanc}’" must be conceded vdth 
regard to less diffusible agents such as O 2 and H+. The rate of diffusion of 
the latter agents tlu-ough these membranes would then appear to be so 
slow as to preclude any significant correlation of events within the center 
with the chemical composition of the arterial blood. We agree with Dill 
and Zamcheck (7) that the burden of proof is properlj'^ on those who claim 
that equilibrium does not exist between the pC 02 vdthin the center and 
in the arterial blood under any ordinary physiological conditions. 

These results indicate that oxygen inhalation has two opposing effects 
on respiration — a removal of any preexisting chemoreceptor drive aroused 
bj’- the arterial p 02 associated with the breathing of room air, and an in- 
crease m the functional capacity of the central neurons as a result of the 
increased arterial p02. In normal man at sea level the latter apparently 
predominates since his breathing is stimulated when he breathes oxj'^gen 
(21); it is noteworthy that hi our two experiments in which arterial p 02 
was liighest when the chemoreceptors were intact (nos. 6 and 12) breathing 
was distincUy increased by O 2 inhalation in one, slightly (and probabl}’’ not 
significantl30 depressed in the other. The possibility that stimulation of 
breathing bj’’ O 2 inhalation is due to reflexes aroused bj’^ irritation of the 
respirator 3 '^ passages is negatived by the presence of the phenomenon in 
animals both of whose vagodepressor nerves were cut at the start (expts. 
3, 7, 9, 10, 11, 12, and 13) and its absence in some of those in whom one 
vagus remained intact (expts. 1, 2, 4, 5, 6, 8, and 14). If this is a reflex 
the afferent pathway must be something other than the vagus, sympathetic, 
or depressor nerves, which seems veiy unlikety. 

b. Decreased pO^. Our data on this subject are summarized in table 3. 
The results obtained with simultaneous anoxemia and h 3 '^percapnia are 
not included since they are to be treated separatel 3 '' (table 5). Of the 3 
animals given 12 per cent O 2 before denervation only one (no. 2) showed a 
definite increase in pulmonaiy ventilation; this was also the onl 3 ’' one of 
these 3 in which arterial O 2 saturation was considerably reduced or in wliich 
arterial p02 fell below 55 mm. Hg. We have no explanation to offer for the 
dimfnution of pulmonary ventilation associated with the breathing of 12 
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per cent O 2 in experiment 3; it is the only instance of depression by low 
oxygen with chemoreceptors intact but no reason for this occurrence in this 
experiment was evident at the time or in the subsequent analytical data. 
In experiments 4 to 14 the anoxemia was without exception more severe 

TABLE 3 

The effect of simple anoxemia {inhalation of 12 per cent O 2 in in experiments 1 to S 
before denervation, 14 per cent O 2 in jVj after denervation; in experiments 4 to 14 the O 2 
percentages were 10 and 12 respectively) 

The indicated changes in respiratory minute volume are measured from the period 
of air breathing immediately preceding this; the figures were not always the same as 
those shown in table 1. 


Average, 

4-14... 


E 55 
c « 

O O > 

^ o 



ARTERIAL BLOOD 


RESPIRATION 


pOs, mm. pCO;, tt 

O:, per „„ mm. Hg 


S gg 5 gg 


a 1-3 

0 II 

o tl > 

z c 


93 90 61 54 24 31 7.45 7.45 6 

85 85 46 53 29 31 7.48 7.36 8 

88 79 57 42 37 29 7.37 7.42 9 



Denervated 


u 

: c 

C O ei 

.5 > jz 

S o 


19 4000 -20 
10 3500 -18 
10 4750 0 


89 85 55 50 30 30 7.43 7.41 8 3910 13 4080 -13 



82 38 

80 48 

68 57 

64 68 

65 61 

69 64 

79 35 

57 60 

48 51 

62 54 

74 68 


36 21 22 

40 25 21 

33 30 28 

39 43 34 

37 33 33 

37 37 34 

42 23 32 

29 38 

28 39 

35 33 

41 42 


7.44 17 
7.44 11 
7.39 8 

7.26 6 

7.36 8 

7.33 6 

7.29 32 

7.27 11 

7.27 10 

7.28 11 

7.29 12 


12 2250 

9 3500 

2000 
6 2400 

10 4750 -10 
5 4000 -27 

21 3200 -20 

10 3000 -20 

14 4000 -20 

17 3750 -21 
3750 -21 


5280 +30 11 3300 -21 



and distinct hyperpnea occurred in all but one (expt. 12), in which breath- 
ing was unchanged although arterial p 02 was lowered more than in any 
other animal with intact chemoreceptors. Breathing actually was stimu- 
lated earlier in the anoxic period in this case also but the stimulation was 
temporary and by the time the blood samjjle was taken it had disappeared 
entirely; blood pre.s.sure also fell at this time (table 6). It would s*eem 
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therefore that in this animal the anoxemia was so severe that the central 
depressant effects of anoxia overcame the stimulant effects of chemo- 
receptor reflexes. The changes in arterial pH and pC02 are concordant 
wdth the belief that the dominant factor was a new reflex drive to the 
respiratory center, for pH consistentlj'- rose and PCO2 consistently fell. 
No correlation of the intensity of the hyperpnea with the degree of 
anoxemia is apparent. In view of the well-lcnown variations in the inten- 
sity of the hyperpnea produced in normal men by inhalation of mixtures 
low in O2 (15) or b}'' ascent in aircraft (1) this is not surprising. There is 
also no e\adence of a simple relation between the strength of the hyperpnea 
and the change in arterial PCO2 or pH such as would be expected if the 
hyperpnea were limited b}'- the extent to which either of the latter factors 
was altered. The stimulation of respii-ation affected both rate and depth; 
average depth was increased by inhalation of 10 per cent O2 from 390 cc. 
(table 1) to 440 cc. (table 3). 

The most significant feature in these results is the change produced by 
chemoreceptor denervation. With onlj’’ 3 exceptions respiration was now 
depressed significantly during the anoxic period, the average depth in 
experiments 4 to 14 being decreased from 385 to 300 cc. ; in 2 of the excep- 
tions there was no change, while in the third the diminution (10 per cent) 
cannot be called significant. In no case was there any respiratory stimula- 
tion. The diminution in arterial p02 showed a tendency to be greater 
after the denervation than before, this being the case in 8 of the 14 experi- 
ments; in one, the two values were identical, and in 5 the PO2 during the 
anoxic period was somewhat higher after the denervation. This is note- 
worthy because the gas mixtures used after the denervation always con- 
tained 2 vols. per cent more O2 than those used before it. The changes in 
arterial pH and pC02 associated vdth anoxemia after the denervation were 
not consistent; the average figures indicate no significant change and this 
we believe to be an accurate portrayal of the actual situation. Reference 
to the corresponding values during the control period (table 1) shows that 
the depression of breathing now produced by anoxia cannot be attributed 
to a diminution in the chemical stimulus in the arterial blood. 

These data indicate that the smallest degree of anoxemia by which 
the chemoreceptors of lightly anesthetized dogs are measurably stimulated 
corresponds with an arterial O2 saturation of about 85 per cent and an 
arterial p02 of 50 to 55 mm, Hg. The effect of the denervation indicates 
that the hyperpnea of anoxemia is regularl3'’ and entirely due to chemo- 
receptor reflexes; the effect of anoxia directlj’’ on the respiratory center 
appears to be purel}'' a depressant one. Our finding that the degree of 
anoxemia produced by inhalation of a given O2-N2 mixture is significantly 
greater after chemoreceptor denervation than before confirms that of 
Wright (23) in similar experiments on cats. From a number of experi- 
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ments in which inhalation of 10 per cent Oo after the denervation caused 
quite rapid failure of respiration (and circulation) and a few in which 5 per 
cent O 2 elicited similar effects even more rapidly, we are certain that the 
results shown in table 3 would onl 5 ’' have been exaggerated if more severe 
anoxemia had been produced. 

2. The effects of uncomplicated hypercapnia. Since one of the major 
purposes of this investigation was to determine whether hypercapnia and 
anoxemia have a S3mergistic effect on the respiratory center it was neces- 
sarj’- to determine the effect of each of these separatel 3 ^ The data with 
respect to CO 2 in O 2 are therefore presented in table 4. The control values 
are those found during inhalation of 100 per cent O 2 (table 2). These 
data also serve another purpose that was not contemplated when the 
experiments were performed; the}’’ show that chemoreceptor denervation 
does not appreciabl}’’ alter the respuatorj’’ response of the lightlj’’ anesthe- 
tized dog to inhalation of a low (about 3.5 per cent) concentration of CO 2 
in O 2 . The actual level of pulmonaiy ventilation associated with such 
inhalation tended to be considerabl}’’ greater after the denervation than 
before, but because the control value was also greater the percentage change 
in respiration during CO 2 -O 2 inhalation was not very different under the 
two circumstances. Perhaps the best evidence that chemoreceptor 
reflexes plaj’ed no measurable part in the response of these dogs to a low 
concentration of CO 2 is the consistently lower value for arterial pC02 
duiing the inhalation after the denervation. This may have been related 
to the stimulant effect of the O 2 alone (table 2), to continuous irritation 
of afferent nerves b}'^ the ligatures used in the denervation, or to a coinci- 
dental lightening of the narcosis as the experiment progressed. In any 
case the conclusion deiived from our earlier stud}’’ (20), viz., that chemo- 
receptor reflexes play no demonstrable part in the response of the lightly 
anesthetized dog to minimum effective increases in arterial pC 02 as far as 
rapidity of onset and effective increase in pC 02 are concerned, can now be 
extended to apply to the intensity of the hyperpnea so produced. As 
pointed out elsewhere (19), evidence obtained in unanesthetized animals 
also indicates that chemoreceptor reflexes play no measurable part in the 
respiratory response to hypercapnia. In deeply anesthetized animals, 
in which the reactivity of the central neurons to CO 2 is greatly depressed, 
the situation undoubtedly is different (17) (19). It is probable that the 
belief of Euler (8) and Gesell (14) that chemoreceptor reflexes are vitally 
concerned in the response to CO 2 under all circumstances is due to their 
having used animals deeply narcotized -vrith chloralose. In view of the 
experimental data submitted in this paper and our earlier one (20) we 
believe that the burden of proof now should be on those who hold that the 
chemoreceptors are not considerably less sensitive than the center to CO 2 . 

3. The effects of anoxemia aiid hypercapnia simidtaneously elicited. The 
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data on this point are summarized in table 5. The O 2 content of the in- 
spired air 'vvas in all cases the same as that used for simple anoxemia 
(table 3) ; the CO 2 content was as nearlj’- identical as we could make it with 


TABLE 4 

The ejfecls of simple hypercapnia (inhalation of approximately 8.5 per cent CO 2 in O 2 ) 
In all cases the same mixture was used before and after the denervation, enough 
having been prepared in a Douglas bag for two inhalations. The indicated changes 
in respiratory minute volume are measured from the period of O 2 inhalation im- 
mediately preceding this (table 2). 


ARTEBIAL BLOOD 


RESPIRATION 


EXPERIMENT 


pCOi, 
mm. Hg 

pH. 

Normal 

Denervated 

Nor- 

mal 

De- 

ner- 

rated 

Nor- 

mal 

De- 

ner- 

vated 

Nor- 

mal 

Dener- 

vated 

Rate 

Min. 

vol. 

Change 

Rate 

Min. 

vol. 

Change 








■ 

cc. 

per 

cent 


ce. 

per 

cent 

1 

100 

100 

35 

27 

7.38 

7.43 

m 

6500 

-fl09 

21 

9000 

+77 

2 

100 

100 

38 

30 

7.42 

7.34 

H 

5000 

-1-54 

14 

Urn J 

+84 

3 

100 

100 

43 

37 

7.32 

7.36 

10 

4250 

+37 

11 


+69 

Average, 
1-3 

100 

100 

39 

31 

7.37 

7.38 

12 

5250 

+72 

15 

8170 

+76 


4 

100 

100 

35 

34 

7.43 

7.42 

12 


+67 

15 


+72 

5 

100 

100 

34 

27 

7.38 

7.43 

8 

||n|n 

+46 

10 

6500 

+74 

6 

100 

100 

43 

37 

7.36 

7.40 



+45 

9 

4750 

+73 

7 

100 

100 

40 

35 

7.22 

7.19 


kSiSi 

+46 

8 

4400 

+24 

8 

100 

100 

47 

35 

7.24 

7.30 


7250 

+91 

14 

11000 

+87 

9 

100 

100 

44 

40 

7.30 

7.32 

8 

8000 

+93 

9 

10000 

+86 

10 

100 

100 

46 

42 

7.31 

7.27 

32 

7000 

+54 

22 

8250 

+80 

11 

100 

100 

50 

44 

7.29 

7.29 

8 

3750 

+47 

12 

6000 

+41 

12 

100 

100 

59 

50 

7.17 

7.20 

11 

7250 

+61 

15 

11250 

+55 

13 

100 

100 

57 

45 

7.23 

7.17 

16 

5750 

+53 

16 

9000 

+72 

14 

100 

100 

47 

40 

7.23 

7.21 

11 

7000 

+84 

14 

11000 

+91 

Average, 
4-14 

100 

100 

45 

39 

7.29 

7.29 

12 

5610 

+63 

13 

8000 

+69 


* The O 2 content of most of these blood samples was greater than that corre- 
sponding vdth 100 per cent saturation, the excess being presumably due to O 2 in 
physical solution. We have been unable to find an acceptable method for calculating 
arterial p 02 under such circumstances and have therefore omitted this column from 
this table. 


that used for simple hj^percapnia (table 4). Figures for percentile changes 
in respiratory minute volume are omitted because such figures, and the 
deductions to be drawn from them, would be entirely different depending 
un whether the control value was that found during quiet breathing of 
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room air or that existing during the period of simple anoxemia that imme- 
diatelj" preceded this inhalation. We could find no compelling reason for 
preferring one of these control values to the other; since the important 
factor is the actual level of pulmonary ventilation we have simply indicated 
this. To permit ready estimation of the influence of anoxia on the re- 


TABLE 5 

The effects of simultaneous anoxemia and hypercapnia {inhalation of S.6 per cent CO 2 
in 12-14 per cent O 2 in expis. 1-S, in 10-12 per cent O 2 in expts. 4-14) 


The effecte of this on respiratory minute volume are also shown in comparison 
with those of 3.5 per cent CO2 in O2; the last two vertical columns give the difference 
between the minute volume produced by this and by C02 in low O2. 
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7.51 
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sponse to inhalation of 3.5 per cent CO 2 , the effects of the latter inhalation 
in high O 2 and in low O 2 are compared in the last six vertical columns of 
table 0 ; the last pair of columns summarizes these data. 

The average figures which appear at the bottom of table 5 give a fair 
portrayal of the important trends in these animals; the first three experi- 
ments can be excluded on the ground of insufficient anoxemia to warrant 
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conclusions. Before chemoreceptor denervation the addition of 3.5 per 
cent CO 2 to 10 per cent O 2 tended to increase the O 2 content and tension 
of arterial blood as well as the minute volume of breathing. The actual 
level of pulmonary ventilation was -with only two exceptions greater than 
that attained during inhalation of 3.5 per cent CO 2 in O 2 , and this was true 
even with minimal anoxemia (expts. 1-3). Thus the hyperpnea of mil d 
hypercapnia was definitely potentiated by anoxemia in these animals 
before chemoreceptor denervation. 

After chemoreceptor deneiwation the results were significant!}^ different. 
In the experiments (nos. 4-14) in which definite 02-lack was present before 
denervation, the anoxemia tended to be more severe after denervation 
even though the inhaled mixture contained 12 per cent O 2 instead of 10; 
arterial p 02 would have fallen more consistently and strikingly had it not 
been for the considerable decreases in pH which now occurred. The level 
of pulmonary ventilation reached during inhalation of the CO 2 -O 2 -N 2 mix- 
ture was less than it was before denervation in all of experiments 4-14 except 
one, in wliich the two values were the same; this level was in fact less than 
that reached with CO 2 in O 2 in all of these experiments except one (no. 9), 
in which the two figures were practically identical. This shows that the 
additive effects of anoxemia and hypercapnia on respiration in these ani- 
mals were entirely due to chemoreceptor reflexes. As shovm in the last 
two columns of table 5, some potentiation of the CO 2 response by anoxemia 
was apparent after denervation in 4 of the 11 experiments in which severe 
anoxemia was induced, but in only one (expt. 9) was it at all striking. Al- 
though we have no reason to doubt the validity of this particular result, 
it was clearly exceptional and the trend certainly was in the opposite 
direction, i.e., anoxemia in the absence of chemoreceptor reflexes tended to 
diminish the stimulant effect of CO 2 on the center. This cannot be at- 
tributed to decreased responsiveness to CO 2 per se because CO 2 in O 2 
tended definitely to produce a higher level of pulmonary ventilation after 
the denervation than before it. 

Our experiments have also yielded some data on the relative importance 
of the two major factors involved in the increased tolerance to atmospheres 
deficient in O 2 consequent on the addition of CO 2 , viz., mcreased depth of 
breathing, and shift of the dissociation curve of oxyhemoglobin. With 
chemoreceptors intact the average depth of breathing during exposure to 
10 per cent O 2 was increased by the addition of 3.5 per cent CO 2 from 440 
cc. (table 3) to 613 cc. (table 5) ; simultaneously the average pH fell from 
7.40 to 7.34. The result of both these influences was a rise in the average 
O 2 saturation of arterial blood from 68 to 71 per cent and in the average 
PO 2 from 36 to 42 mm. Hg. After the denervation the addition of 3.5 
per cent CO 2 to 12 per cent O 2 mcreased the average depth of breathing 
from 300 to 518 cc.; average pH fell from 7.33 to 7.27, so that this factor 
was considerably greater than before. Nevertheless the total compensa- 
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tion for 12 per cent O 2 was now considerabl}’’ less effective than that pre- 
viously seen to 10 per cent O 2 , for average saturation with O 2 increased 
only from 55 to 57 per cent and average PO 2 only from 33 to 36 mm. Hg. 
The factor responsible for the difference in p02 must have been the smaller 
depth of breathing after the denervation (518 compared with 613 cc.), 
which means that chemoreceptor reflexes aroused bj"^ anoxemia could not 
be replaced either by a greater chemical stimulation of the center (average 
arterial cH and pC02 were both greater after the denervation) or b}'’ greater 
displacement of the dissociation curve. Thus the reflex factor appears 
to have been the most important item in the defense of these animals 
against anoxemia even when 3.5 per cent CO 2 was added to the inspired air. 

Another line of evidence leading to the same conclusion is the decrease 
in the Ap 02 (the difference between the oxygen tension in the inspired air 
and that in the arterial blood) attributable to chemoreceptor reflexes and 
to displacement of the dissociation cui’ve. The averages of our results 
bearing on this point are shovm in figure 1, which is so constructed that 
improvement in the body’s compensation (which means decrease in APO 2 ) 
is indicated by rise of the cuiwes. Before chemoreceptor denervation 
inhalation of 10 per cent 02(p02 = 71 mm. Hg) caused the Ap02 to di- 
minish from 89 to 35 mm. Hg; the change in arterial pH (from 7.31 to 
7.40) caused arterial p02 to be 4 mm. Hg lower than it would otherwise 
have been at that saturation and therefore worked to the disadvantage of 
the organism. After denervation inhalation of 12 per cent 02(p02 = 86 
mm. Hg) was associated with a decrease in Ap02 from 82 to 53 mm. Hg. 
The superiority of the one curve over the other (18 mm. Hg) is entirely 
referable to the chemoreceptors. li^Oren 3.5 per cent CO 2 was added before 
chemoreceptor denervation the Ap02 diminished to 29 mm. Hg; the drop 
in arterial pH from 7.40 to 7.34 accounted for 4 of the 6 mm. improvement 
in arterial p02. After denervation the addition of 3.5 per cent CO 2 der 
creased the Ap02 only from 53 to 50 mm. Hg; the part played by the chemo- 
receptors is indicated bj’- the 17 mm. Hg distance between this curve and 
that representing the Ap02 if there had been no change in pH. The part 
played by the action of the increased pC 02 on the respiratory center is 
shovm by the figures and arrows on the light side of figure 1, viz., 6 mm. 
Hg before denervation, 3 mm. Hg afterward; the difference between these 
figures can be construed as meaning either that chemoreceptor reflexes 
play a vital part in the response to inhalation even of 3.5 per cent CO 2 , or 
that anoxia depresses the response of the center to CO 2 , the effect being 
overshadowed by chemoreceptor reflexes as long as they are active. Since 
chemoreceptor denervation did not reduce the response of these animals to 
inhalation of 3.5 per cent CO 2 in O 2 (table 4), the second of these explana- 
tions seems preferable. "ViTether the diminished effectiveness of CO 2 in 
decreasing the Ap 02 after the denen’^ation is referable simplj’- to the additive 
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effects of anoxemia (reflex) and h 3 ^percapnia (central) on the depth of 
breathing (518 as compared with 613 cc. on the average), or is due to 
partial compensation for the central depressant effects of anoxia strong 
excitatory nerve impulses from the chemoreceptors, must be determined 
by future investigations. At present it seems likely that both factors are 
concerned. 

In these experiments we covered the entire range of anoxemia practicable 
without artiflcial respiration, from the mildest (expts. 1-3) to the most 

flpOe 



Fig. 1. Relative importance of chemoreceptor reflexes and of shifts in the dissocia- 
tion curve in compensating for anoxemia. From the average results of experiments 
4 to 14 (see tables). Abscissae are arbitrary units indicating change in composition 
of inspired air. Ordinates show ApO; (difference between pOo in inspired air and 
pOj in arterial blood) ; values for pOj of inspired mixtures are based on 150 mm. Hg 
as that for room air; values for arterial p02 are those given in tables 1, 3, and 5; 
rise in curves means diminution in ApOj and therefore better compensation, for if 
latter were maximal ApOj = 0. The curves (other than normal) show the observa- 
tions made after chemoreceptor denervation {dcnervaied) and the calculated values 
for ApOs (i.e., the change in arterial pOj) if arterial pH had remained at its previous 
level (no pH change). The numbers with the arrows on the right side indicate the 
increase in arterial pOj produced b 3 ' the addition of 3.5 per cent CO 2 to the low- 
o.xj'gcn mixture; the other numbers vdth arrows show the distance (in mm. Hg) 
between the corresponding curves. 

severe. In a number of experiments 10 per cent O 2 or less was used after 
the denervation; in all of these progressive and quite rapid failure of 
respiration and circulation occurred, whether CO 2 was added or not, and 
a steadj'" state was never attained. This undoubtedly was because the 
depressant effect of severe anoxia on the respiratory and vasomotor centers 
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and on the mj’^ocardium was no longer opposed by chemoreceptor reflexes 
aroused bj'' anoxemia; the other factors (increase in pCOa and decrease in 
pH) must have been augmented even more mai’kedlj'- in these cases than 
in those shown in table 5 and the end result again indicates the dominant 
importance of chemoreceptor reflexes in compensating for atmospheres 
deficient in O 2 . AVe therefore believe that the conclusions mentioned 
above are applicable to all grades of anoxemia, subject to the limitations 
of these experiments (lightly anesthetized dogs with carotid pressoreceptors 
and the entire aortic reflex zone inactivated). The possible influence of 
the anesthetic on these results is now under investigation. 

4 . Other observations, a. The influence of chemoreceptor denervationon respiratory 
activity during quiet breathing of room air. Data bearing on this are shown in table 1. 
Obviously they give no indication that chemoreceptor reflexes had played an indis- 
pensable (or indeed detectable) part in the maintenance of pulmonary ventilation in 
these animals at rest. Actually there was an increase in the minute volume after 
the denervation in all but one of the experiments ; this may have been due to irrita- 
tion of nerve fibers as a result of the denervation procedures or to partial recovery 
from the effects of the narcotic injected some two hours previously, or perhaps to 
both. The observed changes in the blood were such as would be expected if the 
respiratory center had become more excitable or was being influenced more by 
afferent excitatory nerve impulses ; the increased breathing clearly cannot be attrib- 
uted to a coincidental increase in the chemical stimulus and the conclusion that 
chemoreceptor reflexes had not been influencing the center to an important extent 
is further supported by the tendency of arterial pCOc to be lower after the denerva- 
tion than before. Generalizations concerning an important role of chemoreceptor 
reflexes in the maintenance of pulmonary ventilation under normal resting condi- 
tions therefore are not justified by existing evidence. 

b. The response to sodium cyanide. This drug was routinely injected intravenously 
in the same dosage (0.2 to 0.4 mgm. per kilo) before and after the denervation, the 
first injection to test the reactivitj’- of the chemoreceptor S5''stem, the second to 
test the completeness of the denervation. Since no animal was used in which the 
first injection failed to stimulate breathing considerably there was no case among 
the 14 in which hyperpnea was lacking. Its intensity was greater than that even 
of the most effective gas mixture (C02-02-N:), ranging from an increase of 109 per 
cent to one of 400 per cent in respiratory minute volume. Blood pressure also rose, 
without exception, though often slightly; the observed rises ranged from 4 to 74 mm. 
Hg. After the denervation there was a pure depression in respiratory minute 
volume following the same injection in all but 3; in 2 there was no change, in the other 
the increase was from 5000 to 5200 cc. per minute (4 per cent), which can scarcely 
be called significant. Blood pressure fell in all cases but one, in which it was 
unchanged; the falls ranged from 10 to 122 mm. Hg. These results show clearly 
that the stimulant effects of NaCN, at least in the doses emploj’-ed and under the 
conditions of these experiments, are entirely due to chemoreceptor reflexes. In 
a few cases we gave a larger dose (1.0 mgm. per kilo) ; this caused alarming depression 
of circulation after the denervation with no stimulation of respiration. 

In view of Dautrebande’s claim (5) that aortic reflexes play no part in chemo- 
receptor phenomena it may be well to record the results obtained in one of these 
animals leading to the conclusion that fibers from the aortic body were included 
with the vagus and were not limited to the depressor filament (p. 2 above). In 



TABLE 6 

The effects on blood-pressure {mean pressure in a femoral artery as recorded by a mercury manometer) 
The indicated changes are in millimeters of mercury 


REGULATION OF RESPIRATION VIA CAROTID BODY REFLEXES 17 





0 

0 

0 




d 

CO 

CO CO 

CO 

CO CO 


-H 


s 8 

•S'Q 

i-H 

1 

+ 

t-H 

1 


1 

1 

rH 

1 

d 

1 

+ 1 + 1 1 

-i- rH rH 
^ + + 


1 


6 + 


CO 

0 

'Tf' 



0 

0 

cO 

CO 0 CO 0 

CO 

0 rr 


0 


Oi 

CO 

CO 

CO 


1 C 

CO 

TT 

CO 

0 rt* CO 0 

CO 

0 0 


rH 







T— f 


rH 

rH 

rH rH rH 


rH 


rH 


i 3 ^ 
















O 

mojjr 

CO 




1 C 


d 


0 0 d d d 

d 

0 0 






<N 

0 


1 C 

0 

ic 

0 

0 1 C CO 00 rH 

CO 

<05 






r-H 



r“< 

rH 

rH 

rH 

rH rH rH 




tH 




0 

<0 




00 

d 

CO 

rr -t* d CO 

rH rH CO CO IC 

11111 


CO 00 


d 


o 

• 4 ^ 

•Bia 

1 

1 

+ 


1 

CO 

I 

d 

i 

rH 

1 

i 

d d 

1 1 


CO 

1 

< 

















'SO 


CO 




»C 


d 

-H 

0 CO d d d 

d 

0 CO 


HI 

os 


Oi 


C <1 

a 


1 C 

0 

i^-> 

0 

0 1 C CO 00 »H 

CO 

C 5 


rH 

H 



rH 



*— < 

rH 

rH 

rH 

rH rH rH 




rH 

X 










' 






» 



CO 

0 

0 


a 

d 


0 

0 0 0 

CO 

CO -rr 


CO 



10 

CO 

0 


1 C 



rH 

0 t>. CO iv 

0 

rH 0 


-rr* 








rH 

rH 

d 

rH rH rH tH 

rH 

tH rH 


rH 




CO 

0 

(N 


d 

0 

CO 

d 

d d d 0 CO 


CO 0 


CO 

O 


•flia 

+ + 

1 


r-H 

+ 

1 

1 

+ + :^ 1 1 


1 


1 


cO 















u 



0 

0 

CO 



00 

0 

m 

0 CO CO 0 d 


0 d 


rH 

Oi 

C 5 

10 

Cl 


0 


Oi 

d 

d 0 d CO CO 

0 

rr^ d 



o 

ftO 


T-< 

CM 


r-H 

rH 

tH 

d 

rH rH d rH rH 

rr 

C? 

rH rH 


rH 

s 

o o 


CO 

0 

0 


0 

-H 

CO 

CO 

00 0 0 0 


0 d 



a 

0 *M 

moj^ 

0 


CO 


c- 

»c 

CO 

d 

rH 00 CO 00 

CO 

rj< d 



o 



rH 

Cl 


r-H 

rH 

rH 

d 

rH tH d rH rH 

rH 

rH rH 


rH 





0 

0 


0 

0 

CO 

CO 

d 0 0 0 d 

0 

d CO 




o 

o 

po 

•ina 

+ 

»-H <N 
+ + 


+ 


+ 

d d _j_ ^ 

rH 

1 

7 + 


+ 




00 

0 

0 


0 

•rtH 

CO 

CO 

CO rj' 0 0 0 


CO d 





Oi 

0 


CO 



1 C 

0 

d 

rH CO CO CO 
rH rH d rH rH 

00 

d 




« CJ 



(N 



rH 

rH 

d 

rH 

rH rH 


rH 


















S o. 


0 

0 

0 


0 

-H 

0 

0 

CO rji 0 CO 

rf 

CO 0 


!>• 



tnojj[ 

0 

CO 

T— < 


0 

1 C 

Oi 

rH 

0 CO *H CO 

C 5 

1 C rH 


CO 





d 


r-H 

tH 

tH 

d 

rH rH d rH rH 

rH 

rH rH 


rH 




CO 




0 

0 

CO 


d CO 0 0 

CO 

CO 0 


CO 


«< 

„o 

•ina 

1 

1 

+ 


1 


1 

1 

rH rH L rH 1 

1 1 + 1 ' 

rH 

1 

+ 


1 


So 
















0 + 


0 

0 

0 



0 

d 

0 

0 CO d -r 

CO 

CO 0 




Oi 

CO 


0 


»c 

rH 


a 

rH CO rH CO 1 C 

rH 

•T* CO 



So 

T— < 

1 -H 

<N 


r—H 

rH 

rH 

rH 

rH rH d rH rH 

rH 

rH 


rH 




















00 


0 


0 

0 

0 


CO d d 0 

0 

0 0 


0 



xnoj^ 

uo 


0 


CC 

^H 

1 C 

0 

d 0 ^ CO 

CO 

-f CO 


1 C 





r-H 


r^ 

rH 

rH 


rH rH d rH rH 

rH 

rH 


rH 

a 

> 



0 

fN 

00 



•—4 

-c 

CO 

^ 0 00 CO d 

0 

HI 0 




•flFa 

1 

<N 

1 


rH 

1 

d 

I 

+ 

1 

rH tH rH » tH 

1 1 1 ^ 1 

d 

CO d 

1 1 


rH 

1 


















•30 


00 


0 


CO 

0 

0 


-f" CO d d 0 

CO 

0 0 


0 



Oi 

10 


0 


0 

rH 

1 C 

0 

(N 0 >-l -!ti 0 

CO 

CO 


1 C 

X 

a 5 

0^ 


1— » 

rH 


^H 

rH 

rH 

rH 

rH rH d rH rH 

rH 

rH 


rH 




00 

c:? 



CO 

0 

CO 

0 

CO CO 0 ^ d 

CO 

0 



u* 

raojj[ 

0 


0 


00 

^ #4 


C -5 

CO 0 CO CO 


!>• 0 


CO 

n 

a 




Cl 


r-H 

rH 

rH 

d 

rH d d rH rH 


rH rH 


rH 

« 



0 




d 

CO 

d 


CO 0 0 

d 

d ^ 


CO 

o 

% 

^0 

•jna 


1 

i 


1 

1 

d 

rH 

+ 

+ + + 

rH 

1 

rH rH 

! i 


rH 

i 


cO 

P f 

















0 


00 


rH 

1 CO 

0 

0 

d -H CO 0 CO 

0 

CO d 


rH 

a 

04- 

Oi 

0 

00 

0 


0 

c- 

1 C 

d 

0 0 lO CC C 3 

1 C 

0 CO 


CO 

o 

t- .. 







rH 

d 


rH 

d rH 


rH 

a 

n,0 


















0 

CO 

Cl 


CO 

rti 

d 

CO 

CO 0 0 0 CO 

d 

CO CO 






0 

CO 

0 


0 

00 


0 

CO d 1 C d 0 

CO 

rH -H 


C 5 



1 —i 


CN 


r-H 

»— H 

rH 

d 

rH d d rH rH 

rH 

d rH 


rH 




0 

00 

Cl 


CO 

0 

d 

d 

d CO CO 0 CO 

d 

d 


0 


0 

0 

•Bia 


+ + 


+ 

tH 

+ 

rH 

1 

rH 

1 

7+1 7 + 

d 

+ 

• + 


rH 

+ 


oO 









•V 








0 

cn 

CM 


CO 


d 

CO 

CO CO 0 0 CO 

d 

CO CO 


CO 



Oi 

C 5 

00 



0 

00 


0 

CO d 1 C d 0 

CO 



C 5 


c 3 0 

1-^ 



r-H 

rH 

rH 

d 

rH d d rH rH 

rH 

d rH 


rH 





0 

0 

0 


0 



00 

0 0 CO 0 0 

0 

d -rt* 





raojj 

0 

CO 

0 


0 


00 

rH 

0 d 1 C rH 0 


d CO 


00 


(2 

1-^ 

1-^ 

CM 


r-H 

rH 

rH 

d 

d d d th th 

rH 

d rH 


rH 


H 

;z; 





0 








cT 







CO 

U) 


- 4 * 

iC 

0 

CO c: 0 rH 

d 


bXJ 



a 




cS 

CO 




rH rH 


H rH 



&] 





Ui 








rH 


&« 

X 





0 

> 

1 

r^ 







0 

> 

4 ^ 







<! 








<1 




18 


P. jR. DTOIKE, C. F. SCHMIDT AND H. P. CHIODI 

this animal the right vagodcpressor nerve and a group of fibers identified by electrical 
stimulation as the left depressor were cut at the start; the left vagus was intact. 
Cyanide (0.4 mgm. per kilo intravenously) increased respiratory minute volume 
from 5000 to 12,000 cc. (140 per cent) and blood pressure from 138 to 160 mm. Hg 
before carotid denervation. After the latter operation the same dose increased 
breathing from 4900 to 8000 cc. per minute (63 per cent) and blood pressure from 
178 to 194 mm. Hg. The left vagus was then cut and the injection repeated; breath- 
ing now decreased from 4500 to 4000 cc. per minute (11 per cent) and blood pressure 
fell from 202 to 80 mm. Hg. This, together with the data presented by Comroe (4), 
should suffice to disprove Dautrebande’s contention. 

c. The effects on blood pressure. The behavior of mean femoral blood pressure 
under the varying conditions of these experiments is summarized in table 6. We 
were unable to find any consistent evidence of a synergistic effect of anoxemia and 
hypercapnia on the vasomotor center (i.e., after chemoreceptor denervation) and 
our results therefore differ materially from those reported by Gellhorn and Lam- 
bert (11). As a matter of fact the only definite tendency shown by the circulations 
of our animals during anoxemia, hypercapnia, or the combination of the two, was 
toward a depression during the anoxemic periods, and this was distinctlj’- greater 
after the denervation than before. Other distinct tendencies were toward a rise in 
blood pressure during Oa inhalation after the denervation (due, we believe, to an 
improvement in functional capacity of the vasomotor neurons and the myocardial 
cells similar to that postulated on page 7 to explain the simultaneous increase in 
respiration) and toward a rise in pressure when the carotids were denervated. The 
latter is noteworthy because it is scarcely attributable to removal of pressoreceptor 
activity from the carotid sinuses, since these must have been completely inactivated 
by the ligation-collapse technic used for the initial denervation. Yet in 9 of the 14 
experiments pressure rose distinctly when the carotid reflex zones were ligated and 
their attachments cut. Since the cerebral circulation was not altered by this pro- 
cedure (p. 2) the only explanation for the rise in pressure is that enough pressore- 
ceptors must have been present in the external carotid region to exert a distinct 
physiological effect. This is in accord with the results of a long series of unsuccessful 
attempts at recording action potentials from the carotid chemoreceptors of dogs 
without contamination by impulses from pressoreceptors in this region (see 19, p. 
117). The point is important in the evaluation of studies of action potentials in the 
sinus nerve after denervation of the carotid sinus pressoreceptors; if such impulses 
do not represent chemoreceptor activity exclusively, they are not capable of yielding 
valid evidence on questions involving quantitative characteristics of the chemore- 
ceptors, as they have been assumed to be. 

SIBIMARY AND CONCLUSIONS 

1. In 14 lightly anesthetized dogs with aortic chemoreceptors and cai'otid 
pressoreceptors inactivated, the effects of inhalation of the following gas 
mixtures on pulmonary ventilation and on the gas tensions and pH of 
arterial blood were studied before and after denervation of the carotid 
chemoreceptors: room air, 100 per cent Oo, O 2 + 3.5 per cent CO 2 , 10 to 
14 per cent O 2 in N 2 , 10-14 per cent 02 + 3.5 per cent CO 2 . 

2. Inhalation of O 2 while the chemoreceptors were active caused transi- 
torj’ respiratory depression in some cases, but in onlj’’ one did this persist 
as long as 5 minutes; in one other, stimulation of breathing occurred and 
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in the rest there was no significant effect; the animal that showed prolonged 
depression of breatliing had the lowest arterial oxygen tension (50 mm. 
Hg) before O2 was given. After chemoreceptor denervation O2 inhalation 
quite regularly caused stimulation of respiration (and circulation); this 
phenomenon therefore is not related to chemoreceptor reflexes while 
depression of breathing on inhalation of O2 certainly is. Pulmonar3’’ 
ventilation during quiet breathing of room air was not diminished b3’’ the 
denenmtion, indicating that no indispensable reflex activity was maintained 
during eupnea in these animals. 

3. CO2 in O2 stimulated breathing at least as much after chemoreceptor 
denervation as before. There was no sign that chemoreceptor reflexes 
pla3’^ed any measurable part in the animals’ responses to inhalation of CO2 
in this strength. 

4. Wlien the chemoreceptors were intact mild anoxemia (12 per cent 
O2) caused slight if any respiratory stimulation, but more severe anoxemia 
(10 per cent O2) had more marked effects; after denen^-ation depression 
was the usual result, showing that the h3'^perpnea of anoxemia is entirely 
reflex in origin. The degree of anoxemia produced b3'’ a given O2-N2 mix- 
ture was decidedly gi’eater after the denervation than before. The thresh- 
old of the chemoreceptors to anoxemia lay at an arterial O2 saturation of 
about 85 per cent and an arterial pO- of 50 to 55 mm. Hg. 

5. The addition of 3.5 per cent CO2 to 10 per cent O2 before chemo- 
receptor denervation increased the O2 content and tension of arterial 
blood as well as pulmonaiy ventilation; the latter was nearly always 
greater now than it was during inhalation of 3.5 per cent CO2 in O2. After 
chemoreceptor denervation inhalation of 3.5 per cent CO2 in 12 per cent 
O2 did not bring arterial O2 content and tension even as high as it was with 
CO2 in 10 per cent O2 before denervation and pulmonary ventilation was 
not as great as it was with CO2 in O2. The additive effects of anoxemia 
and hypercapnia on respiratory minute volume were therefore due entirely 
to chemoreceptor reflexes aroused by the former; the only direct effect of 
anoxia on the response of the center to CO2 was a depressant one. Reasons 
are presented for believing that increased depth of respiration referable to 
the chemoreceptors is more important than direct stimulation of the 
center by CO2 or a shift in the dissociation curve of oxyhemoglobin in 
explaining the rise in arterial p02 consequent on the addition of CO2 to an 
inspired mixture low in O2. 

6. The effects of these procedures on blood pressure were not significant, 
with two exceptions, viz., rise in pressure on carotid denervation and further 
rise on inhalation of O2 after the denervation. The former is attributed 
to the presence of pressoreceptors in the external carotid distribution, the 
latter to improvement in the functional capacity of the vasomotor center 
and myocardium as well as the respiratory center when arterial O2 tension 
is raised after the animal had been exposed to anoxemia. 
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7. The stimulant effects of intravenous injections of sodium cjmnide 
on respiration and circulation, which were very intense before chemo- 
receptor denervation, gave way to no effect or to pure depression afterward; 
these effects were therefore entirely reflex. 
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One of the chief difficulties in the perfusion of surviving organs with 
blood has been its vasoconstrictor effect reported by many investigators 
(reviewed by Amberson (1) and Gaddum (2)). The constrictor substances 
or vasotonins originate in blood immediately after its withdrawal from the 
organism (3) and are present in defibrinated (3), heparinized blood (3), 
and blood serum (4). Only after Starling’s work with the heart lung 
preparation (5) did the role of the perfused lung in eliminating these 
vasotonins from the blood become apparent. More recent^ it has been 
shown by Heymans and co-workers (6) and by Bajdiss and Ogden (3) 
that the constrictor, effect of shed blood on perfused organs is temporarily 
abolished by the addition of ergot preparations to the perfusion fluid. 
The present paper deals with the influence of vasotonins on the oxygen 
consumption of the perfused submaxillary gland and kidney of the cat, 
with the role played by the lung and other organs in eliminating these 
constrictor substances from the perfusate and with the effect of various 
doses of ergotoxine on the blood flow of the perfused kidney. 

Cats anesthetized with nembutal (0.6 cc. per kgm. body weight, injected 
intraperitoneally) were used in all experiments. One hundred and twenty 
cubic centimeters of defibrinated blood were used as perfusate. The per- 
fusion system consisted of two parts: one the perfusion pump, the other a 
unit for the creation and maintenance of a constant pulsating pressure 
consisting of an oil flask and a rotating valve described by Lindbergh (7). 

The perfusion pump, designed for the simultaneous perfusion of two 
organs, is made of pyrex glass. It consists of four chambers: a pressure 
chamber, a reservoir chamber and two organ chambers (fig. 6). Stopcocks, 
acting as valves, separate the pressure chamber from the reseiwoir chamber 
nnd the reservoir chamber from the two organ chambers. 

The valve action of the stopcocks A and B is controlled by a motor- 

Part of this paper was presented before the American Physiological Society, 
Proc., This Journal, 1939. 


21 



22 


KICHAHD J. BING 


driven mechanism, by means of which the various passages in the pump are 
opened and closed at regular intervals. The timing of the iuten^als can 
be varied between 5 and 25 cycles per minute. 

In the first portion of the perfusion cycle, the organ chambers are in 
communication with the equalization chamber; there is no connection 
between the equalization chamber and the pressure chamber. The 
equalization chamber, however, is open to the atmosphere through an 
aperture in the stopcock A, and the perfusate flows from the organ cham- 
bers into the equalization chamber. The flow is allowed to continue for 
a predetermined period, then it is stopped bj’’ rotating stopcock A, which 
closes the passage between the organ chambem and the equalization cham- 
ber. Simultaneously the connection of the equalization chamber with the 
atmosphere through stopcock A is closed and a passage is opened to the 
one-w'ay valve assembly of the oil flask, thus introducing pressure into the 
equalization chamber. 

The two stopcocks are so arranged that the rotation of stopcock A 
which completes the first portion of the perfusion cycle is accompanied 
by a similar rotation of stopcock B which opens the passage between the 
pressure and the equalization chambers. Since now both pressure and 
equalization chambers are connected to the one-way valve assembly of the 
oil flask, the pressure within the two chambers becomes the same, and 
the perfusate flows from the equalization into the pressure chamber by 
gravity. This flow continues until the equalization chamber is empty, 
when the stopcocks are automatically adjusted to their original positions. 

The action of the equalization chamber is similar to that of an air lock, 
the pulsating pressure within the pressure chamber being constantly 
maintained. The arteries of the organs imdergoing perfusion are con- 
nected -svith cannulas from the pressure chamber, the pressure in the artery 
of the organ being the same as that within the pressure chamber. As in 
the Lindbergh pump, the pulse rate and pressure are variable. Since 
the organ chambem are imder atmospheric pressiue, sealing of the pump 
is unnecessar\^ This reduces the period during which the organs are 
separated from their blood supply to less than thirty seconds. 

The organs were excised while the anesthetized animal was alive. In 
order to avoid clotting in situ, 10 mgm. of heparin^ were injected intra- 
venously. The kidney was excised according to the technique of Steg- 
gerda, Essex and IMann (8), which has the advantage of preserving normal 
blood supply to the organ during the operation. The Irmg was perfused 
through the pulmonary' artery, the submaxillarj’’ gland through a cannula 
inserted into the external carotid arterj''. Tlie blood flow of the sub- 
maxillary gland in vivo was measured according to the method of Barcroft 
and Piper (9); that of the kidney in vivo by means of a cannula inserted 

* Connaught Laboratories, Toronto, Canada. 
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into the renal vein. Blood samples in vitro were taken from the cannula 
connecting the organ chambers vuth the pressure chambers and from the 
venous blood dripping from the organ. The Van Sljdce manometric 
method (10) was used for the determination of the oxygen content of the 
arterial and venous blood. The organs were perfused at a temperatoe 
of 3S°C, 

Oxygen consiim^ption and rate of flow of ihe perfused suhmaxillary gland 
and the Mdney. The effect of vasotonins on the metabolism of the sub- 
maxillaiy gland was investigated in twenty-five experiments in which 
the ox3'gen consumption and the blood flow of the organs were measured 
in situ and after their transplantation into the perfusion pump. The 
lung Avas not included in the perfusion circuit in these experiments. The 
oxj^gen consumption of the gland in situ ranged from 0.01 to 0.03 cc. of 
oxygen /gram /minute, A^alues which correspond to those found bj'^ Bareroft 
and Piper (9). In the perfusion apparatus the values for the ox3’'gen con- 
sumption laj-- between 0.002 and 0.009 cc. of oxj’-gen/gi-am/minute (fig. 1). 
Most of this fall in the oxj’-gen consmnption from animal to pump was 
caused by A^asoconstriction in the perfused organ, since the rate of A’-enous 
outfloAA' of the gland fell from an aA^erage of 0.5 cc. of blood/gram/minute 
to Amlues l3dng betAveen 0.2 to 0.35 in the perfusion apparatus (fig. 2), 

In tAA'enty-fiA^e experiments on the kidnej’- the fall in the oxygen con- 
sumption and the rate of Aoaa' from animal to pump Avas found to be even 
more marked (fig. 1). The organ in auvo consumed from 0.05 to 0.08 cc. 
of oxygen/gram/minute; in the perfusion apparatus onlj’’ from 0.003 
to 0.06 cc, of oxygen/gram/minute. The rate of Aoaa^ dropped an aA'^erage 
of 0.7 cc./gram/minute after transplantation of the organ into the per- 
fusion apparatus (fig. 2). 

The effect of the perfused lung. In tAA^elve experiments blood AA^as circu- 
ulated through the A^entilated isolated lung for thirty minutes before the 
kidney or the salivary gland A\ns connected Avith the perfusion pump. 
Parallel perfusion of the lung Avith either the kidney or the saliAxarj’- gland 
Avas then continued for tAA^o hours. The influence of the lung on the rate 
of flow of the kidney and the submaxillarj’- gland is shoAAm in figure 3, The 
inclusion of the lung in the perfusion circuit reduced the difference betAA^een 
the renal blood Aoav in vitro and in vivo to less than 0,05 cc. of blood/gram/ 
minute. There Avas no difference between the rate of flow of the perfused 
submaxillary gland and that of the organ in vivo after inclusion of the 
lung (fig. 3). 

In order to investigate Avhether the effect of the lung AA'as connected 
Avith its respnatory function, the kidnej'' Avas perfused in five experiments 
Avith the ventilated and in four Avith the unventilated lung. Kidnej'’ per- 
fusion AA^as started fiA'-e minutes before inclusion of the lung. As soon as 
the limg Avas connected in the circuit the renal blood Aoaa^ rose, reacliing 
five times its previous A’-alue after thirty minutes. The unventilated lung 
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did not differ from the ventilated lung in its effect upon the renal blood 
flow (fig. 4, A and B). The injection of 30 cc. of freshly defibrinated blood 
into the perfusion fluid caused an immediate fall in blood flow, indicating 
the addition of new vasotonins to the perfusate (fig. 4A). With the lung 
in the circuit, however, the constrictor effect disappeared quickly. 
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Fig. 1 Fig. 2 

Fig. 1. Shows the oxygen consumption of the submaxillary gland and the kidney 
of the cat in the animal and after transplantation of the organs into the perfusion 
apparatus. The white column represents the oxygen consumption of the organs m 
the animal, the black column indicates the values found in the perfusion apparatus. 

Fig. 2. Demonstrates the rate of flow of the submaxillary gland and the kidney 
of the cat in the animal and after transplantation of the organs into the perfusion 
apparatus. White column represents the rate of blood flow of the organs in the 
animal, black column shows values found in the perfusion apparatus. 


Effect of liver, spleen and kidney. It has been demonstrated that the 
property of removing vasoconstrictor substances from shed blood is not 
limited to the lung. Bomstein (11) has sho^vn that the liver eliminates 
vasotonins from its perfusates. Experiments were therefore performed 
to reexamine the action of that organ and to extend the investigation to 
the porfu.sed .spleen. 

Parallel perfusions of the kidney %vith the liver or mth the .spleen were 
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undertaken. As in the pre\’ious experiments, the rate of venous outflow 
from the kidney served as an indicator of the constrictor properties of the 
perfusate. The experiments demonstrated that the liver as well as the 
spleen removed vasotonins from the perfusate at rates equaling that of 
the lung. 

The role of the kidney in the elimination of vasotonins has been in- 
vestigated by Bayliss and Ogden (3). Those investigators, perfusing that 
organ without the inclusion of the lung, found that complete detoxication 
of the blood was never achieved by the kidney alone. Experiments in 
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Fig. 3. Shows the blood flow of the kidney and the submaxillary gland of the cat 
in the animal and in the perfusion apparatus, after the lung had been included into 
the perfusion circuit. White column represents blood flow in the animal, black 
column indicates values found in the perfusion apparatus. 

Fig. 4 A and B. Demonstrates the effect of the perfused lung on the blood flow 
of the isolated kidney. In A the lung is ventilated. The inclusion of both ventilated 
and unventilated lung causes an increase in the renal blood flow. 


which the isolated Iddney alone was perfused with defibrinated blood, 
confirmed this result. Twenty minutes passed before any effect on the 
renal blood flow was noticeable. After forty-five minutes of kidney per- 
fusion, the blood flow through that organ had increased only from 3.5 
to 5 cc./minute. 

The effect of ergotoxine. Since Heymans and co-workers (6) and Bayliss 
a n d Ogden (3) have shown that the action of vasotonins was inhibited by 
ergot preparations, experiments were performed to study the influence of 
various doses of ergotoxine® on the rate of venous outflow of kidneys per- 

® Ergotoxine Ethanesulphonate, Burroughs Wellcome & Company, New York. 
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fused witli defibrinated blood. Doses of ergotoxine ranging from 0.01 
mgm. to 5 mgm. were injected into the perfusate and their effect on the 
venous outflow from the kidnej'’ recorded. 



Fig. 0 . Demonstrates the effect of 15 -y of ergotoxine ethanesulphonate on the blood 
flow of the perfused kidney. The vasodilator effect of the drug lasts ten minutes. 
After that period the renal blood flow decreases. 

Fig. 6. Perfusion pump. A, stopcock separating the two organ chambers from the 
equalization chamber; B, stopcock separating pressure chamber from equalization 
chamber; C, pressure chamber; D, equalization chamber; Ei and Bt, the two organ 
chambers; Fi and Ft, glass grids on which the organs rest; Gi and G 2 , glass cannulas 
leading to the arteries of the perfused organs; ITi and ff 2 , flexible connections to the 
motor drive turning the stopcocks; Ii and /*, pressure inlets from oilflask; K, equaliza- 
tion chamber vent; Li and Lj, stopcocks for regulating the arterial blood flow to the 
organs; il/i and ilf», injection caps; iV, sampling cannula for the collection of venous 
blood from the perfused organ. 


The action of small doses of the drug differed from that of larger ones. 
The injection of 15 7 of ergotoxine produced in three experiments a slight 
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increase in the blood flow, starting immediately after the injection and 
lasting for ten minutes. After that period the action of vasotonins became 
e^ddent again and the blood flow decreased (fig. 5). 

The injection of larger doses of the drug resulted in immediate vaso- 
constriction. In one instance 3 mgm. of ergotoxine caused a decrease 
in blood flow from 4.6 to 2 cc. per minute; after this period of constriction, 
however, the rate of flow increased steadib’-, amounting to 10 cc./minute 
after thirt}’" minutes; no return to the original low blood flow was notice- 
able for the duration of the experiment. 

Discussion. The action of vasoconstrictor substances in shed blood 
on perfused organs is demonstrated in experiments in which the metab- 
olism and the rate of flow of the Iddnej’" and the submaxillarj'- gland are 
measured in the organism and after transfer of these organs to a perfusion 
apparatus. The values for the rate of flow and the oxygen consumption of 
those organs are much lower in the perfusion apparatus than in the whole 
animal (figs. 1 and 2). The metabolism of the lddne3’' is reduced from an 
average of 0.05 to 0.004 cc. of oxygen/gram/minute, that of the submaxil- 
lary gland from an average of 0.02 cc. to 0.005 cc. of oxj’^gen/gram/minute. 
This fall in the oxj^gen consumption demonstrates the difficulty arising 
from the use of shed blood as perfusate. 

■\^Tien the lung is included in the perfusion circuit, the rate of flow of the 
kidney and salivary gland attain the values found in the Avhole animal. 
The ox}’’gen consumption also becomes normal, indicating that its previous 
low value was due to vasoconstriction. The effect of the lung in removing 
the vasotonins from its perfusate is not connected vdth the respiratory 
function of that organ. This is demonstrated in experiments in which it 
is shown that both ventilated and unventilated lungs have the same effect 
on the constrictor properties of the perfusate. 

The isolated limg, however, is not the only organ to remove vasotonins 
from the perfusate. The inclusion of either the isolated liver or the spleen 
in the perfusion circuit is as effective in raising the blood flow of the kidney 
as the inclusion of the lung. This confirms Bornstein’s (11) observation 
that shed blood is detoxicated by its passage through the liver. The per- 
fused kidney vithout the inclusion of other organs in the perfusion cncuit 
has little influence on the constrictor properties of the blood. Since 
Budelmann (12) has shown that the isolated placenta has no effect upon the 
constrictor properties of its perfusate, it can be concluded that the elimina- 
tion of vasotonins is limited to a number of organs, such as the spleen, the 
lung and the liver. 

The addition of ergotoxine to the perfusion fluid of isolated Iddneys 
furnishes another means of reducing vasoconstriction in that organ. The 
injection of 0.02 mgm. of ergotoxine produces slight vasodilatation lasting, 
however, for only ten minutes. This is in agreement with the findings 
of Heymans and co-workers (6), who noticed only short dilator effects 
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follo^^dng the addition of the drug to the perfusate. The injection of large 
doses of ergotoxine results, however, in immediate vasoconstriction. In 
one instance 3 mgm. of ergotoxine caused a decrease in blood flow from the 
kidney from 4.6 to 2 cc. per minute. After this period of constriction, how- 
ever, the blood flow increases steadily approaching values found in the 
intact animal, and shows no tendency to return to its original low level in 
the course of experiments lasting for two hours. 

SUMMARY 

The constrictor properties of defibrinated blood are demonstrated by 
comparing the oxygen consumption and the blood flow of the kidney and 
the submaxillary gland of the cat in vivo with the oxygen consumption and 
the blood flow of the same organs perfused ivith blood in a perfusion 
apparatus (figs. 1 and 2). 

The oxygen consumption and the blood flow of the perfused submaxillary 
gland fell one-half, that of the kidney to one-tenth of the values found for 
the organs in the animal. 

Inclusion of the lung, liver or spleen in the perfusion circuit raises the 
blood flow of the perfused Iridney and salivary gland. The action of the 
lung is not due to processes connected vdth its ventilation. 

The injection of large doses of ergotoxine into the kidney perfusate 
causes a decrease followed by an increase in the renal blood flow lasting 
for several hours. 

Sincere appreciation is expressed to Mr. F. Dowd for his assistance in 
the design and construction of the perfusion pump. 

The glass part of the apparatus was blown by 0. Hopf, New York City. 
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In these experiments rats were kept on a diet which contained only one 
of the three main foodstuffs — that is, either a carbohydrate, a fat or a 
protein — ^whenever possible in purified form. Records were made of the 
sur\dval time, body weight, food and water intake, spontaneous activity 
and vaginal smears. The survival times for a few of the carbohydrates, 
fats and proteins were reported as a part of a stud)’’ on the growth and 
reproduction of rats kept on a self-selection diet (Richter, Holt and 
Barelare, 1938). 

Methods. The rats were kept separately in cages which contained a 
revolving drum vdth a cyclometer and a living compartment with a food 
cup and either one or two graduated inverted water bottles. The living 
compartment was made of wire cloth with a sufficiently large mesh to 
permit the feces to drop through freely to pans placed about 2 inches below 
the bottom of the cage. Solid feces in the revolving drum fell to the under- 
lying pans through the J to v inch space between the drum and the central 
partition. 

Rats, which had been on the standard McCollum diet since weaning, 
were placed in the cages at an average age of 50 days and kept on this diet 
for about 14 days. The McCollum diet was then replaced by a single 
food, given in as pure a form as was obtainable. Tap water was supplied 
ad libitum. 

Daily records were made of food and water intake, activity and of the 
vaginal smears; the animals Avere weighed weeldy. 

Since animals on these restricted diets have a greatly altered metabolism 
and are less able to Avithstand rapid changes in temperature than normals, 
special precautions Avere taken to keep the room temperature as nearly 
constant as possible (78° to 82°F.). The animals had no access to any 
other foodstuff or substance that could be eaten, such as saAvdust or 
nesting paper. 

The carbohydrates — dextrose (C.P., anhydrous), starch (soluble, potato, 
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Merck), maltose (C.P., li3’-drate, Pfanstiehl), sucrose (U.S.P.), levulose 
(C.P., special crystal, Pfanstiehl), lactose (U.S.P.) and galactose (C.P., 
Pfanstiehl) — ^^vere offered in the regular food cups in granulated or pow- 
dered form. The fats — olive oil (Laco), wheat germ oil (Huisking), peanut 
oil (TunlejO, cod liver oil (U.S.P., Mead Johnson), perilla oil (Eimer and 
Amend) and glycerine (U.S.P., Proctor and Gamble) — were offered in fluid 
form in the inverted bottles; butter (saltless), lard and hydrogenated cotton 
seed oil (Crisco) were offered in solid form in the regular food cups. The 
proteins — desiccated blood fibrin (Sheffield), casein (fat and water soluble, 
vitamin free), three brands — Sealtest (Sealtest Laboratories), Labco (Bor- 
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Surcival lime (in days) 
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Dextrose 

: 4 

1 

49, 58, 60, 02 

57 

Butter 

4 

50, 51, 55, 57 

53 

92-Z casein 
digest 

6 

17,25,33,44, 
54, 107 

47 

Maltose 

4 

34, 42, 47, 52 

44 

Olive oil 

4 

30, 39, 49, 69 

47, 

Casein (Seal- 
test) 

3 

27, 39, 47 

38 

Sucrose 

4 

35, 44, 45, 45 

42 

Lard 

4 

17, 30, 31, 32 

28 

Casein 

(McCollum) 

7 

20,21,24,27, 
32, 45, 53 

32 

Starch 

4 

21, 27, 27, 37 

28 

Wheat germ 
oil 

4 

20, 23, 24, 28 

24 

Des. blood 
fibrin 

4 

23, 29, 30, 32 

29 

Levulose 

4 

18, 18, 18, 19 

18 

Cod liver oil 

4 

10, 20, 23, 27 

20, 

Casein 

(Labco) 

3 

20, 27, 33 

27 

Lactose 

4 

5, 5, 8, 9 

7 

Crisco 

4 

16, 18, IS, 21 

18 

89-7 casein 
digest 

4 

1 

1 

20, 21, 23, 30 

24 

Galactose 

Control, no 
food 

4 

11 

5, 5, 7, 9 

3, 4, 4,4, 4, 4, 
4, 4, 4, 5, 6 

7 

4 

Peanut oil 

Perilla oil 
; Glycerine 

4 

4 

3 

10, 17, 18, 23 

3, 6, 12, 24 

8, 9, 13 

17 

11 

10 

Solid hemo- 
globin 
Gelatin 
Lactalbumin 
Zein 

3 

4 

4 

4 

20, 22, 25 

10, 11, 11, 13 

3, 6, 10, 14 

4, 4, 4, 6 

22 

11 

8 

5 


den Company), a casein purified and autoclaved by Dr. E. V. McCollum — 
and casein digests, 89-7, acidified, and 92-Z, enzyme treated (Mead John- 
son), zein (Mazein, Com Products Refining Company), and gelatin 
(Atlantic Gelatin Company) — ^were all offered in solid foim. 

Groups composed usually of four animals were used for each substance. 
For control eleven rats were kept without any food at all, but with free 
access to tap water. One hundred and sixteen rats were used in these 
experiments, most of them females. 

Results. Survival time. Table 1 summarizes the effect on length of 
life. It gives the number of rats in each group, the individual survival 
times in days, and the group average for each of the groups on the various 
carbohydrates, fats and proteins. The survival times of the control group 
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of 11 rats which had no food at all averaged 4 days and had a range of from 
3 to 6 days. 

Carbohydraics. The rats lived 57 days on dextrose, 44 days on maltose 
and 42 days on sucrose. Those given starch, levulose, lactose and galactose 
were much shorter lived (28, 18, 7 and 7 days respectively). The rats on 
the last two carbohydrates lived only slightly longer than the starved 
controls. 

Fats. The rats on saltless butter lived 53 daj'-s, and those on olive oil 
lived next longest (47 days). The animals on lard, wheat germ oil, cod 
liver oil, Crisco, peanut oil and perilla oil sur^dved for much shorter times 
(28, 24, 20, 18, 17 and 11 days respectively). On glycerine alone their 
survival times averaged 10 da3^s, over twdce as long as without any food 
at all. 

Proteins. The rats lived longest on the pancreatic enzyme casein digest, 
92-Z (Mead Johnson), 47 days; next longest on casein (Sealtest) and 
McCollum casein, 38 and 32 daj’-s respectively. The rats on desiccated 
blood fibrin lived next longest, 29 days, followed by casein (Labco), 27 
daj’-s; the casein acid digest, 89-7 (Mead Johnson), 24 days; solid hemo- 
globin, 22 daj’-s; gelatin, 11 daj’-s; lactalbumin, 8 daj^s; and zein, 5 days. 

Compared with the carbohydrates and fats, the proteins gave less con- 
sistent survival times. For example, the survival times of the rats on the 
92-Z casein digest averaged 47 days, but ranged from 17 to 107 days; and 
on the McCollum casein they averaged 32 dais's and ranged from 20 to 
53 days. 

The rats lived longer on the carbohj’^drate, dextrose (57 days), than on 
any of the other single foods; next longest on the fat, butter (53 days); 
next longest on the fat, olive oil (47 days), and the protein, casein digest 
92-Z (47 days), and on the carbohydrates, maltose (44 days) and sucrose 
(42 days). 

Body weight. After starting on the single food diets all of the rats began 
to lose weight at once. Those on the carbohydrates and fats lost weight 
at much the same rate, while those on the proteins lost weight during the 
first 10 days at a somewhat more rapid rate. Figure 1 shows typical curves 
for each of the three foodstuffs, using butter, maltose and Sealtest casein 
as examples. These three curves were chosen as examples because of the 
fact that the average weights at the beginning of the experiments were 
almost the same. The butter and maltose curves were almost identical, 
while the casein curve showed a sharper decrease during the first 10 days. 
Thereafter, however, it closely paralleled the other two curves. 

Food intake. From the point of view of our self-selection studies we were 
particularly interested to know how much of each of the different single 
foods the rats would eat, how the intake of the single foods compared with 
the previous intake of McCollum diet, and whether the intake bore any 
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relationship to the length of time that the rats survived. Table 2 sum- 
marizes the results. It gives the average daily food intake in grams and 
calories for the first 10 days on the single food diet. The last column shows 

TABLE 2 


Average daily food intake for 10 days on McCollum diet and first 10 days on single food* 



MCCOLLUM 

SINGLE 

MCCOLLUM 

SINGLE 

CALOniC 

i 

DIET 

FOOD 

DIET 1 

1 

FOOD 

DECBEASE 


Carbohydrates 



grams 

grams 

calories 

calories 

per cent 

Starch 

13.5 

11.2 

54.0 

44.8 

15 

Dextrose 

13.3 

10.9 

53.2 

43.6 

18 

Sucrose 

13.3 

8.5 

53.2 

34.0 

36 

Maltose 

12.6 

8.1 

50.4 

32.4 

36 

Levulose 

12.9 

6.6 

51.6 

26.4 

44 

Galactose 

12.7 

6.1 

50.8 

24.4 

52 

Lactose 

12.9 

2.0 

i 51.6 

8.0 

84 


Fats 


Butter 

— 

4.5 

54.5 

40.5 

26 

Olive oil 


3.6 

59.2 

32.4 

45 

Lard 

11.3 

2.8 

45.2 

25.2 

44 

Wheat germ oil 

10.3 

2.3 

41.2 

20.7 

49 

Crisco 

11.8 

2.5 

47.2 

22.5 

52 

Peanut oil 

12.2 

2.0 

48.8 

18.0 

63 

Cod liver oil 

13.2 

1.8 

52.8 

16.2 

69 

Glycerine 

13.8 

3.9 

54.8 

15.6 

71 

Perilla oil 

12.3 

1.0 

49.2 

9.0 

82 

Proteins 

Des. blood fibrin 

14.4 

5.9 

57.6 

23.6 

59 

Casein (McCollum) 

11.0 

4.1 

44.0 

16.4 

62 

Casein (Labco) 

12.8 

4.6 

51.2 

18.4 

64 

Casein (Sealtest) 

12.2 

4.1 

48.8 

16.4 

66 

92-Z 

11.8 

4.2 

47.2 

16.8 

69 

89-7 

13.5 

4.0 

54.0 

16.0 

70 

Gelatin 

11.3 1 

3.0 

45.2 

12.0 

73 

Hemoglobin 

14.9 

3.8 

59.6 

15.2 

74 

Lactalbumin 

12.2 

2.8 

48.8 

11.2 

77 

Zein 

12.8 ! 

0.25 

51.2 

1.0 

100 


* Calories were calculated as 4 per gram for carbohydrates, proteins, and glycerine 
and as 9 per gram for all fats except glycerine. 


the per cent decrease during the first 10-day period in C£? lories. During 
this 10-day period the intake of starch was the highest of any of the carbo- 
hydrates. As measured in grams, the food intake dropped from 13.5 
grams on the McCollum diet to only 11.2 grams; as measured in calories, 
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it decreased from 54.0 to 44.8, or 15 per cent. The intake of dextrose for 
the 10-day period averaged 10.9 grams, or 43.6 calorics, representing an 18 
per cent decrease. The intakes of sucrose and maltose were almost identi- 
call}'- the same, both showing a 36 per cent decrease. The intakes of 
le^^llose and galactose showed still greater decreases, 44 and 52 per cent 
respectively. The intake of lactose was the smallest, 2 grams per daj'^, 
representing an 84 per cent decrease. 

For this first 10-day period the intake of the fats dropped far below the 
previous levels -for the McCollum diet. The rats ate much less of the fats 
than of the carbohj'-drates, as measured in grams. However, in calories 
the carbohydrate and fat intakes were very similar. The highest average 
dailj’" intake of the fats (butter) was 4.5 grams, or 40.5 calories, while the 
highest of the carbohydrates (starch) was 11.2 grams, or 44.8 calories. 
After butter the rats showed the greatest appetite for olive oil. The}'’ 



showed the smallest appetite for cod liver oil (1.8 grams) and perilla oil 
(1.0 gram). The percentage decrease ranged from 26 for butter to 82 for 
perilla oil. . ,r. 

As measured in grams, the intake of the proteins also fell far below the 
intake level of the McCollum diet. During the first 10 days on the single 
foods, the animals on desiccated blood fibrin showed the highest intake 
(5.9 grams) and on zein the lowest (0.25 gram). The rats ate almost the 
same amounts of the 3 different caseins (4.1, 4.6, and 4,1 grams) and of the 
2 digests (4.2 and 4.0 grams). They ate only small amounts of gelatin 
and lactalbumin (3.0 and 2.8 grams) and almost completely refused zein 
(0.25 gram). With the exception of zein, the percentage decrease for the 
different proteins fell between 59 and 77. 

The intake of the carbohydrates started at rather high levels and de- 
creased at a rapid rate, while the intake of the fats and proteins started at 
lower levels and decreased much less rapidly. Figure 2 gives the average 
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daily intake for the five 10-day periods for dextrose, butter and casern 
(McCollum), which are typical for their respective groups. In the 50 
days the dextrose iutake decreased from 10.9 to 2.8 grams; the butter 
intake, from 4.5 to 1.8 grams; the casein intake, from 4.0 to 2.4 grams. 
Thus, at the end of the 40- to 50-day period only small differences remained 
between the intake of the three foodstuffs. 

For the carbohydrates, with the exception of starch, and for all of the 
fats, survival times varied directly with the average daily intake of the 
single foodstuffs during the first 10-day periods; but for the proteins it 
varied independently of the food intake. Figure 3 summarizes the results. 
The abscissae indicate the average survival time in days for the rats on 
each foodstuff; the ordinates, the average daily food intake in calories 
for the first 10 days, taken from table 2. With the exception of starch and 
galactose, all of the carbohydrates and fats fall along a line which passes 
through 8 calories for 7 days’ survival time (lactose) to 43.5 calories for 
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57 days’ sur\dval time (dextrose). In marked contrast, the intake of the 
proteins, except desiccated blood fibrin and zein, averaged approximately 
16 calories regardless of the survival time. Thus, on an intake of 18 calories 
the rats on hemoglobin lived only 22 days, while on the same intake the 
rats on the casein digest (92-Z) lived 47 days. 

Thus, for the caibohydrates and fats the survival times seemed to depend 
mainly on the caloric value of the ingested foods. This relationship does 
not hold for the proteins. In general, the rats on proteins lived much 
longer than would have been expected from the caloric value of the ingested 
foodstuffs. 

Activity. On nearly all of the single foods the rats were surprisingly 
active. In general, they were more active on the carbohydrates than on 
the fats and more active on the fats than on the proteins. Figure 4 sum- 
marizes the results. Figure 4B gives the average daily actmty for the 
10 days on the McCollum diet and for the 3 follovdng 10-day periods for 
rats on the 3 main foods and for a control group on the McCollum diet. 
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It includes only animals that lived 18 days or more. Further, it is limited 
to animals whose average daily activity for the 10 days on the McCollum 
diet fell between 1000 to 8000 revolutions (17 rats on carbohydrates, 20 on 
fats and 11 on proteins). For the 10-day period on the McCollum diet 
before the start of the single food diets, the average daily activity for the 
controls and for the rats on the 3 different foodstuffs fell near 4000 revolu- 
tions. For the first 10 days the activity curves of the controls and of the 
rats on carbohydrates closely paralleled one another, while the curves for 
the rats on the fats and proteins showed a less marked iucrease in activity. 



During the second 10-day period the rats on the carbohydrates did not 
become more active; but they maintained then previous level of activity, 
while those on fats and proteins became much less active. During the 
third 10-day period all of the experimental rats became less active. At 
this time the rats on carbohydrates were still about 3 times as active as 
the rats on proteins. Even then the rats on the carbohydrates were 
about half as active as the control rats on the McCollum diet. 

Two of the rats on dextrose were the most active of any of the 116 rats. 
Figure 4A gives the record of one of these animals. During the first 20 
days this rat on dextrose alone had a daily average of more than 22 miles. 
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definitely surpassing the normal averages. Among the rats on the carbo- 
hydrates, the rats on sucrose and maltose were next most active. Of the 
rats on fats, those on butter, peanut oil and olive oil were most active, 
while those on Crisco and perilla oil were least active. Of the rats on 
proteins, those on casein (Labco) were most active, while those on hemo- 
globin were least active. 

Water intake. Carbohydrates. The rats on carbohydrates, excepting 
galactose, manifested a markedly diminished thirst. Figure 6A includes 
the average daily water intake curves of the groups on casein (McCollum), 
dextrose and olive oil, and of 27 female controls on the McCollum diet. 
The average water intake of the rats on dextrose decreased from 26 cc. 
per day duiing the last 10 days on the McCollum diet to 7 cc. during the 
following 30- to 40-day period. 

The four rats on galactose gave entirely different results. These ani- 
mals began drinking large amounts 
of water within a day or two after 
the single substance was offered. 
Figure 5B shows the individual 
water intake curves of the four ani- 
mals on galactose. The water in- 
take of one rat (no, 1) increased 
from an average daily intake of 25 
cc. during the last 10 days on the 
McCollum diet to 71 cc. during 
the remainder of its survival period 
on galactose and on one day reached 
a peak of 125 cc. 

Fats. Rats on pure fat diets also had a reduced thirst. Figure 5A 
includes the average daily water intake curve for the rats on olive oil, which 
is typical for the other fats. The water intake decreased from a level of 
31 cc. per day during the last 10 days on the McCollum diet to a level below 
10 cc. 20 days later, where it remained until the death of the animals. 
The 3 rats on glycerine drank large amounts of water during the few days 
that they sur\’ived. Their intakes reached pealis of 75, 117 and 123 cc. 
respectively. 

Proteins. In contrast, the rats on most of the proteins continued to 
drink about the same amount of water as on the McCollum diet. The 
rats on the casein digests, 92-Z and 89-7, and on desiccated blood fibrin 
drank even more water for the first 20 days. Figme 5A shows that the 
average daily water intake curve for the group offered casein (McCollum) 
decreased only very slightly and closely approximated the control average 
throughout the experiment. 

Eslrus cycles. In most of the rats the vaginal smears failed to show 
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cornified cells at an}’- time after the start of the single food diet. In some 
of the rats, especially those on fats and carbohydrates, the smears showed 
one and occasionally two full 4- to S-da}*- C3’'cles of cornified cells for the 
first 8 to 10 days and thereafter showed only a typical diestrus picture. In 
a few rats (3 on carbohydrates and 7 on proteins) cornified cells reappeared 
in the smeam sporadically after the start of the diet. In these rats the 
smears showed constant cornification for short periods of 3 to 10 days at 
irregular intervals until the rats died. The appearance of the constant 
cornification of the smears might indicate the presence of a vitamin A de- 
ficiency. However, we did not detect any other sj’-mptoms of vitamin A 
deficiency, such as keratitis, in an}-- of these animals. 

Noteworthy is the fact that in some of the animals the 4- to 5-day estrus 
cycles manifested themselves in the ninning acti\dty long after they had 
disappeared from the vaginal smears. Some of the rats on dextrose and 
maltose showed 5 regular 4- to S-da}’- activity cycles. The fact that the 
activity cjmles were more apt to persist in the rats on carbohydrates may 
be associated with the liigher acthdty level of the carbohydrate rats. In 
one of the rats on maltose the 4- to 5-day cycle manifested itself more 
clearly in the water intake than in the vaginal smears or activity. This 
rat showed 7 definite cycles during which the water intake decreased and 
increased at 4- to 5-day intervals. 

The persistence of the acthdt}' cycles after the disappearance of the 
vaginal smear cycles must indicate that the ovaries were still functioning. 
This situation is similar to that found in vitamin A deficiency, when the 
vaginal smears show constant cornification, but the activity still shows the 
regular 4- to 5-day cj’-cles. The persistence of the 4- to 5-day acti\dty 
cycles in vitamin A deficiency indicates that the ovaries are still functioning. 

The disappearance of the cornified cells of the vaginal smears of the 
rats on the single food diets must be due primarily to a deficienc}’- of the 
vitamin B complex. Almost identical records are obtained when the rats 
have a full diet except for the vitamin B complex. 

Discussion. The results of these experiments have sho\vn that rats 
may live a surprisingly long time, 50 days and more, on diets which con- 
tain only one of the three main foodstuffs, either a carbohydrate, a fat or a 
protein. Even more remarkable is the fact that they are able to survive 
so long when, as was true particularly of the rats on carbohj’-drates, their 
diets contained neither minerals nor vitamins. It seems especially note- 
worth}’- that the animals did not develop any of the classical signs of either 
mineral or vitamin deficiencies. Rats on regular diets, but deficient in 
vitamin A, develop symptoms of vitamin A deficiency in 20 to 30 days. 
None of these single food animals showed keratitis; a few showed irregular 
periods of cornified smears; none showed any outward signs of vitamin D 
deficiency. Chemical studies of bones were not made, but many of the 
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rats were still turning tlie drum several thousand revolutions per day after 
they had been on a single food diet for over 40 days. Clear cut vitamin B 
deficiencj'’ symptoms did not appear either — skui and hair on the snouts 
and around the eyes or on the paws did not show the changes found with 
a marked deficiency of any one of the ^utamin B components. These re- 
sults agree vuth obser^mtions of McCollum et al. (1922) which showed that 
complete starvation relieved vitamin D deficiency symptoms. 

From these results the possibility suggests itself that in the usual ex- 
periments in which synthetic or natural foods were used the appearance 
of pathological sjTnptoms depended more on harmful effects wliich resulted 
from eating too much of certain substances rather than too little. 

These experiments have shown, fmther, that rats manifest widely differ- 
ent appetities for different single foods. The discussion of the significance 
of these differences must take into account the follovdng considerations; 

The daily intake of a single food will depend on: 1, iaste: the animals 
may eat more dextrose than lactose simply because they prefer the taste 
of the dextrose; 2, digesiibiliiy: for example, a limited amount of a lactose 
sphtting enzyme might be responsible for the small amounts of this sugar 
taken by these rats; 3, absorption: both the ease and the rate of absorption 
of the products of digestion must have an influence on the amount of a given 
food voluntarily ingested ; 4, satisfaction: the animals may eat more dextrose 
because its consumption is followed by a relief from hunger or stop eating 
cod liver oil because of some sort of internal distress; 5, excretion: for 
example, it is possible that the animals eat less of the proteins just because 
they have metabolic end products which must be excreted through the 
kidneys, while the carbon dioxide and water produced from the carbo- 
hydrates and fats can be completely eliminated by the lungs and skin. 

In addition, the sur^dval time would depend on; 1, the amount of food 
absorbed; 2, the utilization of the absorbed food, which means essentially 
its ability to maintain a constant internal environment in the animal, 
as evidenced by a constancy of the blood levels of the products of absorp- 
tion and of excretion within normal limits; 3, the completeness, or the nu- 
tritional value, of the absorbed food; 4, toxic effects. 

Ob\’iously it is difficult or impossible to evaluate in animals some of the 
factors listed above. This is particularly true of taste and satisfaction, 
which are, per se, subjective considerations. However, there are enough 
objective factors to justify an attempt at the interpretation of the data. 

BTien the carbohj'^drates are considered on this basis, one is not surprised 
to find that the animals survived longest and were most active on dextrose, 
since this is the form in which all carbohydrate is utilized in the body. 
Tile rats on maltose did not get along as well; the small difference can pre- 
sumably be attributed mainly to the digestion factor, since maltose is 
hydrolj'zed to two molecules of dextrose. The animals on starch did not 
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survive as long as and were less active than the two preceding groups. 
This was all the more unexpected since the food consumption during the 
initial 10 daj'^s on the diet was greatest in the starch group. Since starch 
also produces only dextrose on hydrolysis, the most likely explanation seems 
to he a failure of starch digestion, either tlu-ough an inability to produce 
enough of the starch splitting enzymes or, perhaps, through a limitation of 
the neutral salts necessary to the activity of the pancreatic amylase (Sher- 
man, Caldwell and Adams, 1930). The animals on sucrose, which yields 
dextrose and levulose on h 3 ’’drolysis,,did not do as well as those on maltose, 
Avhile those on IcAOilose alone, on lactose (jdelds dextrose and galactose), 
and on galactose alone were ob\dously inferior in nutrition. The poor 
results A\ith galactose are in accordance Avith the fact that mammals, in 
general (and including man), haA’^e a AJ^ery low galactose tolerance and that 
the excess of this sugar is excreted through the Iddneys, thus accounting 
for the polyuria and compensatoiy pol 3 '^dipsia attending the feeding of 
this carbohydrate. Furtheimore, the Avork of Schantz and his collabo- 
rators (1938) has indicated that galactose cannot be oxidized in the animal 
body in the absence of saturated fatt 3 '’ acids containing 12 or more even 
numbered carbon atoms. 

With the fats the conditions are more complicated since they AABre not 
all obtainable in a chemically pure state. In particular, the amounts of 
fat soluble vitamins present may have had a significant effect in some 
cases. In first place of interest is the fact that the daily intake of the 
fats, as measured in grams, AA'as approximatel3’' half as high as that of the 
carbohydrates; 3 '^et AAdien calculated in terms of calories, the intakes of 
these tAA'-o foodstuffs AA^ere almost identical. Bulk of the food clearly 
played no part at all. It may be assumed that the rats took just as much 
of the fats as they AA^ere able to absorb. The marked differences in sur- 
Auval times Avould depend on hoAv Avell the fats could be utilized and the 
nutritional values of the food. That butter and olh'^e oil shoAA'ed the longest 
surAUval times agrees AAuth our knoAAdedge of their utilization and of their 
vitamin contents. With surviA'-al times as short as these it seems extremely 
unlikely that a deficiency of an3’- essential fatty acid (as, for example, 
linoleic acid) can have played a significant part in causing death. The 
shorter survival time of the rats on cod liver oil may have been due not to 
the inability to utilize the fat but to the toxic action of the excessive 
amounts of vitamins A and D. The shorter surAuval time of the rats on 
Avheat germ oil, peanut oil, and perilla oil ma 3 ’’ be accounted for in part by 
toxic effects and in part b3’' possible deficiencies of essential fatty acids. 
SurAuval experiments Avith the indmdual fatty acids offered singly or in 
various combinations should throAv further light on this problem. At- 
tention may be called to the fact that on glycerine the rats lived longer 
than on no food at all. That the appetite for fats may be controlled ex- 
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perimentally through a wide range has been shown by recent self-selection 
experiments; for example, removal of the pancreas greatly increased the 
fat intake (Richter and Schmidt, 1940), and rats kept on a vitamin B 
deficient diet also showed a marked cra\dng for fat (Richter and Hawkes, 
1940), presumably due in both cases to the decreased efficiency of carbo- 
hydrate utilization. 

The determination of significance of differences in food intakes and sur- 
vival times of the rats on the proteins also offers more difficulty than that 
encountered in the studj'' of the carbohydrates. Although the caseins 
were freed from the fat and water soluble ^dtamins, they still contained 
high amounts of phosphorus and other minerals; the hemoglobin and 
desiccated blood fibrin contained iron, other minerals, and some vitamins. 
In general, the results were much less consistent than with the fats and 
carbohydrates. Some rats on casein lived onlj'^ 15 to 20 days; several 
sur\dved 45 days or longer. 

Measured in grams, the rats ate less of the proteins than of the carbo- 
hydrates and fats. Also measured in calories, the protein intake fell below 
the level of the other two foodstuffs. Furthermore, the protein intake 
tended to remain essentially the same throughout the experimental 
period, independent of the changes in body weight. 

Since the intake of the different proteins did not vary much, it may be 
assumed that they were fairly equally absorbed; and the large differences 
in survival time may be accounted for mainly by the difference in nutri- 
tional value, the amino acid content. The caseins are known to contain 
all of the essential amino acids, while desiccated blood fibrin lacks at least 
isoleucine, hemoglobin is very low in cystine, and lactalbumin lacks methi- 
onine and probably other essentials. Zein, which the rats ate in ver 3 ’^ small 
amounts, lacks several essential amino acids. The long survival time of 
some of the rats on the enz^'^me casein digest may be accounted for by the 
fact that this digest contained all of the essential amino acids. Seventy- 
five per cent of the nitrogen in this preparation was the result of casein 
hydrolj'sis, wlfile the remaining 25 per cent was from the pancreas used 
for digestion. The shorter sur^dval time of the rats on the acid digest, 
89-7, maj”^ be explained, at least in part, by the destruction of tiyptophane 
and other amino acids. The fact that the rats ate only minimal quantities 
of zein indicates that taste must plaj’’ a veiy important r61e in the determi- 
nation of food intake. 

These experiments, in which the rats had access to only one food, make 
it possible to establish the relative dependence of spontaneous activity 
on each of these three foods. The results show that on the carbolydrates 
the rats were most active, less active on the fats, and still less active on 
the proteins. 

Further, it ajipears that the level of water intake depends on the type 
of food the animals are offered. Fats and carbohj’^drates, with the excep- 
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tiou of galactose and glycerine, dcfiniteh' reduce the water intake, ivhereas 
lirotein maintains the water intake at approximately the normal level. 
As has been suggested, this may be because the nitrogen of protein must be 
excreted through the kidneys. The high water intake of rats on galactose 
may be explained similarly, since the experiments of Schantz et al. (1938) 
and Cori (1925) .show that the galactose is excreted in the urine. The 
high intake of the rats on glycerine may be explained by the mai’ked de- 
hydration produced by the glycerine. 

In 1816 Magcndie performed the first single food experiments with 
purified (or nearl}’’ purified) substances. He was interested in determining 
the source of the nitrogen of the tissues. He kept dogs on water and either 
sugar, olive oil or butter. On water alone they lived 10 to 12 days; on 
olive oil, 36 days; on butter, 36 days (but the dogs had meat on the 32nd 
day). He did not give the age of the animals. Ho found that olive oil, 
sugar or butter kept the animals alive approximately the same length of 
time. Phillips in 1924 used the single food technique to study the nutri- 
tional value of the various carbohj'drates for bees. He found that honey 
bees would eat dextrose, maltose, sucrose, levulose, trehalose and melezi- 
tose and, when ofifered any one of them, definitely outlive the experimental 
controls kept on no food. They refused galactose, lactose, raffinosc, xylose 
and the more complex polysaccharides— starch, dextrins, inulin, etc. He 
concluded that the sugars which the bees would cat were utilized and the 
others which they refused were non-utilizable. von Frisch repeated Phillips’ 
experiments and obtained very similar results (1927, 1928, 1930). The 
refusal of honey bees and rats to eat either lactose or galactose, while they 
avidly eat dextrose and sucrose, is especially noteworthy. The results 
obtained in the present study on rats stand in close agreement with those 
obtained by Phillips on bees. 


SUMMARY 

1. Rats were kept in separate cages on a standard food mixture until 
the}’' reached an average age of 64 days. Then their diet was restricted 
to water and a single purified (or nearly purified) foodstuff — a carbohy- 
drate, a fat or a protein. The suiadval time, activity, etc., on the single 
foods was taken as a measure of their nutritional value. 

2. With this single food choice method a survey was made of 7 carbo- 
hydrates, 9 fats and 10 proteins. 

3. Rats showed the greatest appetite in the case of the carbohj^drates 
for starch, dextrose, and sucrose; in the case of the fats, for butter, olive 
oil and lard; in the case of the proteins, for desiccated blood fibrin and 
casein. They showed the smallest appetite in the case of the carbolydrates 
for lactose and galactose; in the case of the fats, for perilla oil and glycerine; 
in the case of the proteins, for zein, lactalbumin and gelatin. 

4. They live longest on the carbohydrate, dextrose (57 days). One of 
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the fats (butter) kept them ahve 53 days; and the protein, casein (enzyme 
digest), gave an average survival time of 47 days. For the carbohydrates 
and fats the food intake bore a direct relationship to survival time; for 
the proteins this relationship did not hold. 

5. On the proteins the rats lost weight during the fii’st 10 days somewhat 
more rapidly than on the carbohydrates and fats. Later on the rats lost 
weight at about the same rate on each of the three foodstuffs. 

6. The rats on the carbohydrates were the most active; those on the 
fats, less active; those on the proteins, the least active. 

7. Most of the rats on the single foods showed diestrus vaginal smears 
almost immediately after starting on the single food choice diets. 

8. Rats on fats or carbohydrates, excepting galactose and glycerine, 
drank comparativelj'" small amounts of water; rats on proteins drank nor- 
mal amounts. The rats on galactose and glycerine drank very large 
amounts. 

9. The results indicate that in usual experiments in which mixtures of 
S3mthetic or natural foods were used the appearance of pathological 
symptoms depended more on the eating of too much of certain substances, 
rather than too little. 

This study was greatly aided by suggestions and criticism from Dr. C. S. 
Hudson of the National Institute of Health and Dr. E. V. McCollum and 
Dr. K. K. Rice of the Johns Hopkins University. 
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The tolerance to orally administered dextrose has been found to be 
decreased in vitamin Bi deficiency in animals (1, 2) and in humans (3). 
The reason for this diminished tolerance has not been adequately ex- 
plained. One of the possible contributing factors which has been sug- 
gested is the change in motihty of the intestinal musculature which occurs 
in vitamin Bi deficient as well as in starved animals (4). In order to 
eliminate this factor of absorption, dextrose has been injected intravenously 
in normal rats, and in rats fed a vitamin Bi deficient diet. 

Method. Male rats weighing between 135 and 145 grams were used. 
The normal diet was made up as follows: casein, 15 per cent; yeast, 10 
per cent; Crisco, 20 per cent; cod liver oil, 2 per cent; sugar (cane), 
50.5 per cent; salt, 2.5 per cent. The diet was made Bi deficient by treat- 
ing the yeast with sulphur dioxide, according to the method suggested by 
Kline (5). 

Four groups of rats were used: group 1, normal diet, ad libitum; group 2, 
vitamin Bi deficient diet, ad libitum; group 3, deficient diet, restricted to a 
weighed amount of food each day; group 4, normal diet, restricted to the 
same amount as given to group 3. 

The amount of food eaten by each rat was calculated by weighing the 
food left at the end of each day and subtracting it from the total given. 

Food was withheld for 24 hours before each test. Water was allowed 
ad libitum. 

The tail veins were used for the intravenous injection. A small amount 
of xylol was applied to the skin of the tail in order to make the veins 
prominent. A 26 gauge needle and tuberculin syringe were used; 0.5 
gram of 20 per cent dextrose in normal saline per Idlogram of body weight 
was administered intravenously. Fasting, 5 minute, 15 minute, 30 min- 
ute and 60 minute blood specimens were obtained in the following manner: 

The tail was immersed in warm water (45-50°C.), wiped dry and then 
clipped at its end. The first drop was discarded and the blood was then 
gently expressed on to a clean glass slide. One-tenth cubic centimeter of 
blood was then drawn up into a micro-pipette. Bleeding was controlled 
by the use of collodion and cotton. 


43 



44 


DANIEL J. PAGHMAN 


TABLE 1 


HAT 


i 

.INTRAVENOUS GUUCOSE TOUERANCE 
(blood sugar mom. per CENT) 

DAYS 

! 

PER CENT* 


NUM- 

BER 

AGE 

WEIGHT 

Fast- ; 

(Minutes after injection) 

ON 

DIET 

WEIGHT i 
LOSS ' 

SYMPTOMS* 




ing 

5 i 

15 1 

30 

60 1 





Bi deficient diet ad libitum 



days 

j grams 


I 



! 



1 

1 

63 

165 

100 

200 

j 143 

116 

100 1 

25 

14 

P+ s+ 


71 

162 

110 

181 

148 

121 

110 

33 

15 

H+ P++ S+ 


79 

i 146 

, 85 

165 

133 

113 

105 1 

41 

24 

H+ P++ S++ 


79 

162 

77 

1 143 

113 

98 

no 

30 

19 

P+ s+ 

2 

86 

142 

101 

179 

113 

92 

87 

37 

26 

H+ P+ S+ 


93 

122 

125 

240 

190 

152 

125 

44 

39 

H+ P++ S+ 

3 

46 

172 

60 

152 

92 

63 

80 

13 

3 

0 


53 

170 

63 

154 

125 

105 

85 

20 

0 

P+ s+ 


60 

151 

90 

188 

163 

133 

no 

27 

20 

H+ P++ S+ 


54 

202 

72 

165 

147 

110 

90 

16 

0 

0 

4 

69 

165 

84 

177 

165 

116 

94 

31 

18 

P± S 


76 

150 


275 

187 

143 

104 

38 

26 

H+ P++ S+ 


56 

160 

66 

160 

133 

100 

80 

18 

9 

Pd= 


69 

126 

82 

250 

200 

180 

115 ’ 

31 

28 

H+ P++ S++ 

5 

55 

162 

82 

202 

153 

142 

100 

11 

0 

0 


79 

128 

108 

330 

240 

165 

133 

35 

26 

H++ P++ S++ 


Bi deficient diet (restricted — see text) 


6 

1 

j 55 

WM 

67 

194 

138 

112 

19 

11 

0 

0 


79 

mm 

95 

220 

200 

160 

wm 

35 

7 

H+ P+ S+ 

7 

76 

142 

83 

184 

134 

118 

105 

35 


H+ P+ S+ 

8 

63 

153 

i 94 

222 

147 

139 

108 

22 


0 

9 

72 

140 

66 

179 

175 

137 

117 

30 

1 


P+ s+ 


Normal diet ad libitum 


10 

11 

60 

67 

57 

79 

164 

228 

102 

66 

73 

86 

181 

174 

190 

200 

146 

160 

153 

154 

121 

123 

145 

118 

91 

100 

97 

90 




Normal diet (restricted — see text) 

12 

59 

159 

75 

167 

122 

no 

94 

17 

■ 



73 


78 

200 

140 

112 

100 

31 



13 

57 

Bom 

63 

180 

145 

120 

85 

13 




84 

168. 5 

94 

205 

167 

122 

102 

40 



14 

76 

154 

78 

167 

123 

no 

95 

35 



15 

72 

162 

80 

157 

121 

109 

91 

30 



16 

57 

156 

70 

175 

133 

111 

95 

16 




* P, polyneuritis; S, spasticity; H, hump. 
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Blood sugar was determined by the micro method of Fohn (6). 

Results. Rats which had been fed on the normal diet (ad libitum or 
restricted) had a fairly unifoim response to intravenously administered 
dextrose (table 1). These findings are similar to those obtained in children 
(7). The animals wlrich had been given the Bi deficient diet (ad libitum 
or restricted) usually exhibited a decrease in intravenous dextrose toler- 
ance, and an increase in the fasting blood sugar, as the deficiencj’’ progi-essed 
(table 1). The decrease in tolerance is apparently independent of food 
intake. 

Two rats weighing 190 gi’ams each who had been on normal diets, were 
starved for 72 hours. Water was allowed ad libitum. The intravenous 
dextrose tolerance failed to show a decrease in tolerance. 


TABLE 2 


IIAT 

NOMBEn j 



INTnAVENOnS OLECOSE TOLEHAKCE (BLOOD SUGAR 
MOM. PER CENT) 

WEIGHT 

FXHID INJECTED 

Fasting 

Minutes after injection 




5 

15 

30 

60 


Normal diet 


17 

grams 

182 

Normal saline 0.4 cc. 

85 

91 

92 

80 

100 

18 

200 

Normal saline 0.5 cc. 

102 

117 

117 

95 

90 

19 

1 

206 

None 

89 

95 

95 


96 


Bi deficient diet 


20 

■I 

Normal saline 0.4 cc. 

95 

■i 

105 

102 

107 

21 


Normal saline 0.35 cc. 

80 

mm 

95 

90 

85 

22 

141 

None 

73 


98 

81 

90 


Normal saline was injected intravenously into four rats, two of which 
had been on normal diets and the other two on vitamin Bi deficient diets. 
Blood sugars determined at various intervals showed no significant change 
from the fasting level (table 2). 

The tail veins of a normal rat, and one who was vitamin B deficient, 
were punctured, but no fluid given. Blood sugars showed no significant 
variation during an hour period. 

Sujnumary. 1. A method for determming the tolerance of the rat to 
intravenously injected glucose has been described. 

2. Rats which had been on a normal diet have a fairly constant response 
to dextrose administered intravenously. 

3. Rats, which had been fed a vitamin Bi deficient diet show a progres- 
sive decrease in tolerance, which is apparently independent of food intake. 
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CONCLTJSIOJf 

The decrease in oral glucose tolerance which occurs in rats fed a vitamin 
Bi deficient diet, is not due to changes in absorption from the intestine, 
since this decrease also occm's when dextrose is administered intravenously. 

I wish to thank Dr. Elizabeth M. Knott of the Department of Pediatrics 
for her aid in this work. 
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Studies of nutritional deficiency in the pig have not established that 
riboflavin is essential to life in this animal. Although the experiments by 
Chick and her co-workers (1) revealed the need of the pig for other com- 
ponents of the vitamin B 2 complex, they did not show whether riboflavin 
is an essential dietary constituent for the pig. Hughes (2) observed "that 
pigs fed a diet deficient in ribofla^dn gained very slowly, defecated fre- 
quently semi-liquid fecal material, became crippled, and walked with 
difficulty.” In a more recent report (3) Hughes estimated from growth 
curves that the minimmn daily requirement of riboflavin for the young 
growing pig lies between 1 and 3 mgm. per 100 pounds of pig. Wintrobe 
(4) like'svise observed that the addition of riboflavin to a diet deficient in 
the B complex accelerated the rate of growth. 

It seemed possible that with the production of chronic riboflavin de- 
ficiency in a susceptible animal, there might arise pathologic changes 
which would not have had time to develop in acute riboflavin deficiency. 
With this in mind, 6 pigs were placed on a dietary regimen only partially 
deficient in riboflavin. Two of the 6 pigs, serving as controls, received 
daily supplements of synthetic riboflavin in addition to the basal diet. 
In the present report the two pigs fed the basal diet plus daily supplements 
of riboflavin will be designated “control pigs.” 

The clinical differentiation between those pigs fed a diet deficient iu 
riboflavin and the control pigs was striking in several respects. The 
nnimalR fed the riboflavin deficient diet developed similar changes in the 
eyes, coat and gait, and they ultimately experienced a characteristic 
collapse. Since the control animals did not develop these changes, they 
were attributed to the lack of riboflavin. In both groups, however, anemia 
appeared after varying intervals of time. On this account it is felt that 
the anemia was a manifestation of a second deficiency state. 

Dietary. The diet was patterned closely after diet no. 330 employed by 
Sebrell (5) for the production of riboflavin deficiency in dogs. In prep- 
aration our diet differed chiefly in that the rice polishings were not ex- 
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tracted vith ether and the casein was not leached. Chemical analysis of 
these substances showed the presence of small amounts of riboflavin. 
All animals received identical, weighed diets during the period of ob- 
servation. The caloric intake was restricted for two reasons: first, in order 
to assure isocaloric feeding of both deficient and control animals; and 
second, in order to prevent gi’oviih to an ungainly size, which was not 
feasible for practical reasons. The maximal weight attained (b}’’ the con- 
trols) was 25 kilos over a period of 6 months. 

The control animals received synthetic riboflavin^ 2.5 mgm. daily, 
which provided at least 100 gamma per kilo bodj’' weight daily. 

All of the animals ate ravenously until within 24 to 48 hours of death. 
None developed signs of polyneuritis. None developed the signs of pel- 
lagra that have been described in pigs (1). 

In the course of the present studies, it became evident that rice polishings 
in the amounts fed did not satisfy the pigs’ needs for an additional factor 
or factors contained ia the “B complex”. This additional deficiency was 
manifested by anemia and spastic paralysis. 

Observations. The studies were made on 6 Cheshire white pigs, litter 
mates, of which 4 were females and 2 were males. The pigs were reared 
on whole cow’s milk untU seven weeks of age. Thereafter they were fed 
the diet outlined in table 1. The pigs were housed in separate cages 
throughout the course of the experiment. At no time did they develop 
intercurrent infections. The two male pigs (one of which served as a 
control) were castrated at the age of 5 months. Blood for analysis was 
obtained at monthly intervals by cutting the tails. 

Growth. The pigs consumed their diets imtil withiu a day or two of 
death. The stools were of normal buUc and consistency. There were no 
periods of vomiting or of diarrhea untU the animals were moribund, when 
the stools usually became semi-liquid. Although the food intake of both 
deficient and control animals was identical, the control animals grew more 
rapidly and attained a greater size. This implies that ribofla\un ac- 
celerated the rate of growth, independently of the food intake. Hughes 
(6) likevdse has noted that the addition of whey adsorbate to the diet of 
pigs allowed more “efficient food utilization”. After reaching a maximal 
weight the values declined, and later rose again. The cause of this fluctua- 
tion in the control animals was not ascertained. Since the decline in 
weight coincided in time vith the onset of anemia in both the deficient 
and control animals, it is believed that the decline in weight probably 
marked the clinical onset of a secondary deficiency state. These changes 
are illustrated by figure 1, which shows the growth curves and hemoglobin 
values for a control pig and for a pig (no. 4) on the riboflavin deficient 
(l^asal) diet. 

* Furnished by Merck and Company, Rahway, New Jersey. 
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Body temperature. During the first 3 months of observation the rectal 
temperatures were 102.6° to 103.4°F. Thereafter, a decline of body 
temperatures to 96° to .100°F. was noted. The control animals also 
showed this tendency to a lesser degree. Hughes (6) has recorded similar, 
but less marked reduction in body temperature of pigs fed diets deficient 
in various components of the “B complex”, which, however, were not 
sharply defined. It is likely that undernutrition in general, rather than 
the specific want of riboflavin was responsible for the change. With the 

TABLE 1 


Composition of riboflavin deficient diet {per animal) 



GBAMS 

pnoT. 

CHO 

FAT 

1. Rice polishings 

80. 

11.4 

54 

9.6 

2. Cotton seed oil 

22. 



22. 

3. Corn starch 

131. 


118. 


4. Casein 

41. 

35.6 



5. Cod liver oil 

8.2 



8.2 

6. Salt mixture 

12.0 




Total 

47.0 

172. 

39.8 


Total calories, 1236. 

1. Rice polishings untreated. Chemical analysis revealed 5 gamma/gram of 
riboflavin.* 

2 and 3. Commercial grades. 

4. Casein Co. America. Grade 20. Chemical analysis revealed 2 gamma/gram 
of riboflavin.* 

5. Cod liver oil — contained 1800 i.u. vitamin A and 260 i.u. vitamin D per gram. 

6. Hawk-Oser Salt Mixture (Science 74; 369, 1931). To this salt mix were added 
nicotinic acid 5.5 mgm. and ascorbic acid 50 mgm. 

Water was added to the mixture of rice polishings, casein and cotton seed oil until 
a thick gruel was formed. This mixture was cooked in a double boiler for If hours. 
The other ingredients were then added in and the final mixture served. 

Freshly prepared solutions of synthetic riboflavin (Merck) were added to the 
diets of the control pigs just prior to serving. 

onset of collapse, there was a further sharp fall in body temperature to 
values below 94°F. (the lowest reading registered on the thermometers). 

Changes in the hair and shin and hoofs. Throughout the course of the 
experiment (12 mos.) the hair of the control animals was white, clean, and 
lustrous. The skin was free from ulcers. The hoofs were smooth and 
shiny. 

After 3 to 4 months the sldn of the animals fed the basal diet alone 
became scaly and ulcerated, especially on the snout and about the hoofs. 

* Analyses were made by Dr. Joseph W. Ferrebee, by the method described in 
the J. Clin. Investigation 19: 251, 1940. 
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The skin of the snout, in 3 animals, was thickened and cornified. The 
eyelids appeared swollen and the palpebral fissures narrowed. The horn 
of the hoofs became deeply pitted and ridged. The hair became grey, 
rough, and thin, especially about the eyes, haunches, and back. These 
findings in the pig bear a close resemblance to the changes observed to 
occur in rats on riboflavin deficient diets (7). 

Hgb 

Pferccnt HEMOGLOBIN PERCENT 



Fig. 1. Weight and hemoglobin curves of control pig and of pig on riboflavin de- 
ficient diet. 


Eye changes. After 5 months the corneas of 3 pigs fed the basal diet 
became cloudy. An ophthalmological examination by Dr. Maynard 
Wheeler at this time revealed that the comeal surface was smooth and 
glistening, free of scars or ulcerations. The light reflex was normal. 
There was no apparent vascularity or inflammation of the cornea or con- 
junctiva. However, slit-lamp examination was not made. The lens and 
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fundus appeared to be normal. The cloudiness, therefore, was attributed 
to changes in the deeper stroma of the cornea. The cloudiness increased 
until, in extreme cases, the entire cornea became an opaque white, so that 
the underljdng pigment of the iris was hidden from view. The external 
corneal surface retained its lustre. 

In two animals (pigs 3 and 4) the cloudiness cleared partially after the 
administration of riboflavin, so that in 2 and 10 days respectivelj'- the periph- 
eral zones again revealed the underlying markings of the iris. In these 
cases there now remained a dense, central opacity which resembled a 
cataract. 

Gait. No neurological changes were observed in these animals until the 
onset of collapse. Tendon reflexes and sensation (response to pin prick) 
were intact. About the third month, however, the animals fed the de- 
ficient diet were seen to be “flat footed.” The hoof digits became spread 
widely apart, so that the weight of the animal was borne by the heel, or 
false hoof. Since there was no apparent neurological involvement at this 
time, this change was attributed to muscle weakness or tendon relaxation. 

Collapse syndrome and response to riboflavin. The collapse syndrome 
was similar to that observed in dogs (8, 9, 10). There was considerable 
variation in the time of onset. Collapse occurred in the 4 pigs on the basal 
diet at 3, 6, 7 and 10 months, respectively, after the experimental feeding 
was begun. The pigs suddenly became listless, and they refused to eat and 
to stand. The body and extremities were cold and cyanotic. The body 
temperatures were below 94°F. and the pulse and respirations were slow 
and irregular. Electrocardiograms showed minor changes of ventricular 
complexes. When the collapse was profound, respirations became asth- 
matic, with a wheezing expiration audible with the stethoscope. No blood 
flowed from the cut tail. Reflexes were absent. Pin prick over the legs, 
body, and snout elicited no response. One animal (no. 1) died 24 hours 
after the onset of this syndrome. 

Riboflavin in isotonic saline (1 mgm. per cc.) was administered to three 
animals in collapse. One animal (no. 2) received 20 mgm. of riboflavin 
parenterally 24 hom’S after the onset of coUapse, but it died 5 hours later. 
The two other animals (nos. 3 and 4) were revived by the parenteral 
administration of riboflavin. Pig 3 received 100 mgm. intravenously 3 
hours after the onset of collapse. Pig 4 received 200 mgm. intravenously 
and intraperitoneally 2 hours after the onset of collapse. The response to 
these injections was dramatic. Suddenly revived from collapse, the 
fl.m’mn.lR grunted, stood up, walked, and ate their food. The animals 
were unsteady on their hind quarters for several days, following which 
ataxia disappeared. The basal diets were continued. Without further 
injections of riboflavin one pig (no. 3) lived 2 weeks and the other (no. 4) 
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lived 4 months thereafter. At the end of this time they died of another 
syndi’om'e, which was characterized by spastic paralysis of the hind legs 
and rapidlj^ progressive anemia. 

. , Response to . gliicose. Although h3T30glycemia was a feature of the 
collapse syndrome, certain data suggest that this syndrome was not the 
direct result of h3T30glycemia. In one animal (no. 1) the blood glucose 
was 50 mgm. per cent at the onset of collapse. Twenty-fom’ hours later, 
when the blood glucose had fallen to 20 mgm. per cent, the pig was given 
100 cc. of 5 per cent glucose in isotonic saline intraperitoneaUy. . Following 
the injection the pig stood up and walked for 15 minutes. One hour later 
it suddenly died. In another animal (no. 3) the blood glucose fell from a 
previous value of 62 to 23 mgm. per cent at the onset of collapse. The 
pig Avas given 50 cc. of 50 per cent glucose intravenously. The animal 
was roused for 10 minutes, but it was unable to stand. It then lapsed into 
deep stupor. One hour after the glucose injection the blood glucose Avas 
625 mgm. per cent; t\A^o hom-s after the injection it Avas 500 mgm. per cent. 
The pig appeared to be moribund. When a further half-hour had elapsed 
riboflavin Avas administered, folloAAdng AA^hich abrupt recoA'^ery took place. 
Tiwee hours later, when the pig appeared to be Augorous and well, the 
blood glucose Avas 96 mgm. per cent. 

It is also of interest that 2 AA^eeks folloAvIng this recovery in pig 3, the 
blood sugar fell to Ioav A’-alues (16 to 30 mgm. per cent) for 3 days Avithout 
accompanying collapse. 

Anemia and spastic paralysis. Tavo animals, pigs 3 and 4, recovered from 
the initial collapse after the parenteral injection of riboflaAun. In the 
folloAAnng 2 AA^eeks pig 3 developed a rapidly progressive anemia and 
spastic paralj^sis from Avliich it died. Pig 4 died after 4 months, from an 
entirely similar syndrome. In neither case AA^as this latter syndrome 
accompanied by collapse. 

MoreoA^er, after 10 months, the two control pigs developed a moderate 
Aveight loss and transient anemia, followed by spontaneous recoveiy. 

On this account it seems possible that the terminal anemia and spastic 
paralysis of pigs 3 and 4 (cf. fig. 1) Av'ere due to a partial lack of another 
factor or factors in the “B complex”. The spastic paralj'^sis resembles the 
changes described in dogs maintained on B-deficient diets (11). The 
anemia resembles that attributed to the lack of “eluate fraction” by 
Chick (1) and her co-AA'orkers. 

Other blood determinations. The first blood determinations made AA'hen 
the pigs AA'ere 2 months old rcA’ealed hypochromic anemia. This probably 
Avas related te the preAuous milk diet, since a prompt rise in hemoglobin 
folloAved the change to a .sjmthetic diet. The red blood cell counts and 
hemoglobin A'alues thereafter AA-ere normal, until the sjTidrome of spastic 
paralysis and anemia superA-ened, as described above. 
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The white blood cell counts fluctuated vddefy. Their usual range was 
between 12000 and 25000 cells per cu. mm. There was no apparent cause 
for this fluctuation. 

The serum proteins were essentiallj’^ unchanged throughout the period 
of study. In general, the serum albumin level for the pigs was between 
4.0 and 5.0 grams per 100 cc., and the serum globulin level, between 1.8 
and 3.5 grams per 100 cc. The nonprotein nitrogen A’^aried from 22 to 41, 
the average value being 27 mgm. per 100 cc. 

Necropsy. Gross and microscopic examination of the 2 control pigs 
reA^ealed no pathologic changes. 

Gross findings of the 4 animals on the basal diet were very similar: 
there Avas marked diminution of subcutaneous and mesenteric fat. Skin 
over the loAA’er legs aa'Es desquamated and ulcerated. Mucous membranes 
AA'ere pale. Tongue papillae AA'ere noi-mal. The cornea of 3 pigs shoAved 
differing degrees of opacit 3 L There AA'ere no gross changes in the thoracic 
or abdominal viscera, or in the brain and spinal cord. Diffuse petechial 
hemorrhages AA'ere seen in 2 pigs (nos. 1 and 2). 

The chief microscopic findings of the 4 pigs on the riboflavin deficient 
diet AA'ere as folloAA's: In 4 pigs the cornea shoAA'ed changes in the basal 
cells of the surface epithelium. These cells AA'ere SAVollen, cuboidal, and 
irregular, and thej' AA'ere coA'ered by a laj'er of one or tAA'O flattened cells 
and by cornified epithelium. There AA'as no A'asculanzation of the cornea. 
Figure 2a-b illustrates the aboA'e changes. 

In 3 pigs the cortex of the adrenals shoAA'ed recent hemorrhages, together 
AA'ith loss of A'acuolization of the cells of the glomerular laj'er, and an 
increase in the interstitial stroma. 

In 2 pigs the kidnej's shoAA'ed vacuolization in the proximal conA'oluted 
tubules, due to the presence of neutral fats and of anisotropic cr 3 'stals. 
In one pig the lens of the e3'e shoAA'ed proliferation of the subcapsular 
epithelium, similar to that described by O’Brien (12) in 3 'oung rats on G 
deficient diets (cf. fig. 2-c). In one pig the liA'er shoAA'ed rare areas of 
focal necrosis. 

No significant changes AA'ere found in the heart, lungs, stomach, spleen, 
pancreas, brain, spinal cord, sciatic nerve, pituitaiy, or thyroid glands. 

Discussion. From the preceding data it is apparent that riboflavin 
is essential for the pig. Since corneal changes occurred in the animals fed 
a riboflavin deficient diet but not in the tAvo control litter mates, this eye 
lesion appears to be directly or indirect^' the result of riboflavin deficienc 3 '. 
Although possibl3' someAA'hat different in nature, corneal lesions due to 
riboflavin deficienc3' also haA'e been obseiwed in the rat (7, 13), and more 
recentb' in man (14). 

In contrast to the control animals, the pigs on the basal diet alone 
exhibited changes in the hair, skin and hoofs. 
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The mechanism of the collapse sjmdrome is not clear. The association 
of collapse vdth h 3 TDOgl 3 '-cemia suggested the possibilit 3 ’- of h 3 ^poglycemic 
shock or of adrenal failure. However, there are two observations suggest- 
ing that the h 3 ’-pogl 3 '^cemia is an associated phenomenon rather than an 
immediate cause of the collapse: Two pigs, given glucose infusions during 
their collapse, derived transitor 3 '’ stimulation. One pig rose to his feet, 
moved about for 15 minutes, and then suddenl 3 ’' died. The other pig 
likemse became somewhat roused for 10 minutes. It then relapsed into 
profound shock in spite of h 3 ^perglycemia. The s 3 ’ndrome, therefore, is 
unhke hypogtycemic shock, in which a more lasting benefit is derived from 



a b c 


Fig. 2a. Control pig. Normal corneal epithelium (magnified X 300). 

b. Corneal epithelium of riboflavin deficient pig 4 (magnified X 300). The epi- 
thelial laj'er is about one-third the usual thickness. The parallel arrangement of 
cells is lost. Basal cells are swollen, and their hypertrophied nuclei often contain 
large vacuoles. The superficial cells are cornified. 

c. Optic lens pig (no. 4). Proliferation of the subcapsular epithelium with infil- 
tration of the lens substance. There is degeneration of the lens fibers with vacuoliza- 
tion and formation of Morgagnian bodies (magnified X 70). 

the administration of glucose. It is possible that riboflavin deflciency 
interferes with the effective utilization of glucose. 

In one instance the blood sodium was low (129.8 ml. equiv.) at the time 
of collapse. In two instances the blood sodium did not differ from that of 
a control animal. In one instance the blood sodium before and after 
rccoveiy from collapse showed no significant changes. It is of interest, 
and of possible significance, that in 3 of 4 animals fed the deficient diet, 
fresh hemorrhages were seen microscopical^’’ in the adrenals. However, 
similar hemorrhagic lesions have been described in the adrenals of rats, 
due presumably to the lack of pantothenic acid (15). 
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CONCLUSIONS 

1. Riboflavin is an essential dietarj!- constituent for the pig. 

2. RiboflaAun deficiency in the pig is characterized chnically by retarded 
gi’owth, corneal opacities, changes in the skin, hah and hoofs, and by a 
terminal collapse associated ivith hj’poglycemia. 

3. The chief flndings at autopsy in 4 pigs fed the riboflavin deficient 
diet were as follows: changes of corneal epithehum in 4 animals, microscopic 
hemorrhages of adrenals in 3 animals, lipoid degeneration of proximal 
convoluted tubules in 2 animals, and lens cataract in 1 animal. 

4. It is beheved that certain of the changes observed, namely, spastic 
paralj'^sis, anemia and possibl3'' adrenal hemorrhages may have resulted 
from the lack of other food factors. 
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Since the discovery by Hoffmann and Wertheimer (1) that the adipose 
tissue consumes oxj’’gen, a number of papers have been published on the 
metabohsm of adipose tissue. They have shonm that the tissue possesses, 
in addition to its mechanical protective and storage function, definite 
chemical actmties. 

The brovTi adipose tissue^ found in manj’- hibernating animals received 
onl 5 r scanty attention, although it has been considered a gland of internal 
secretion, and a tissue which takes part in the hibernation process. Fleisch- 
mann (2) was the first to show that the oxygen consumption of the bronm 
adipose tissue (rabbit, dormouse, hedgehog) was considerabl}^ higher than 
that of white adipose tissue. In order to stud}*^ its r61e in hibernation it 
seems essential to know first its biochemical actmties. These have been 
studied at the temperature of the animal in both the hibernating and the 
non-hibernating stages. This bronm adipose tissue was formd to have 
(when measured as fat-free tissue) as high a respiration as that of the 
kidnej', to produce a large number of oxidations and to possess glycolytic 
activit 5 ^ Furthermore, while the respiration of the liver and the kidne}'^ 
is considerably diminished at the temperature of hibernation, the respira- 
tion of the brown adipose tissue is diminished to a much less degree. In 
hibernation, therefore, while all the other tissues become quiescent, the 
brown adipose tissue retains a large proportion of its chemical acti\’ities. 

Experimental. The animals used in these experiments were thirteen- 
lined ground squirrels obtained near Madison, Wisconsin, and Olympia 
Fields, Illinois. YTile at the laboratorj'^ they were fed standard rat ration. 
To induce hibernation the animals were kept without food or water for 
48 hours, and then placed in a cold room at 5°. The animals were killed 
by a blow on the head, the axilar portion of the tissue was dissected rapidly, 

* J he brown adipose tissue has been called hibernating gland, oil gland, brown fat, 
lipoid or cholcstcrin gland, organ of hibernation, hibernating mass, mxdtilocular adipose 
tissue. 
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the lymph nodes removed and thin sections made with a razor blade. The 
oxygen consumption and CO2 production were measured with Barcroftr- 
Warburg manometers with O2 as gas phase in Ringer-phosphate of a final 
pH value of 7.31. The oxidizable substrates were used at a concentration 
of 0.01 M. The respiratory quotients were measured by the method of 
Warburg and Yabusoe (3). Anaerobic glycolysis was measured mano- 
metrically in Ringer-bicarbonate saturated with 5 per cent CO2 plus 95 
per cent N2. "VvOien the effect of temperature on respiration was determined, 
the experiments were done simultaneously in two water baths, one kept in 
a room at 3°, the other in a room at 38°. 

The oxygen consumption of brown adipose tissue. Fleischmann (2) 
reported that the brown adipose tissue of the newborn rabbit, the dormouse 
and the hedgehog consumed from 30 to 40 c.mm. of oxygen per 100 mgm. 
of wet weight. Felix and Eger (4) found about the same values for the 
brown adipose tissue of the rat. The brown adipose tissue of the ground 
squirrel showed greater oxygen consumption, the lowest figures obtained 
beiug 98 c.mm. and the highest 350 c.mm. Although the ox3^gen con- 
sumption, per milligram of dry weight, obtained in experiments with mixed 
sections of the tissue from two animals alway’^s gave figures reproducible 
within 10 per cent, the figures obtained in different months vaiied greatly. 
Since the fat content of the tissue was considered the main reason for this 
lack of uniformity, experiments were run where the oxygen uptake was 
determined per milligiam of drj'- weight and per milligram of fat-free dry 
weight (the fat was extracted as usual bj’' repeated extractions with ethyl 
ether and petrol ether up to constant weight). The oxj^gen uptake per 
milligram of diy weight varied from 2.3 c.mm. per hour to 10 c.mm., a 
difference of 334 per cent; the difference was reduced to 103 per cent for 
fat-free tissue (from 10.8 to 22 c.mm. O2 uptake) (table 1). Other factors 
responsible for the variation seem to be a seasonal variation (the highest 
figures for ox^’^gen uptake being found aroimd September and October 
(table 2)), and the variable water content of the tissue (in 24 determinations 
of wet and diy weights the average ratio of wet weight; dry weight was 2.88 
var3dng from 1.78 to 3.88). 

The oxygen consumption of slices of brown adipose tissue had its op- 
timiun value when the solutions and gas phase were saturated with ox3"gen, 
and when the pH value of the Ringer-phosphate solution was 7.4. Respira- 
tion is considerabl3’- diminished when the tissue is ground. 

In figure 1 are plotted the results of an experiment where the respiration 
of 100 mgm. of brown and white adipose tissue of the squirrel were measured 
simultaneousi3^ The difference is ob\dous. 

The respirator3’- quotient of white adipose tissue has been studied b3^ a 
number of investigators. Felix and Eger (4) report that the R.Q. values 
rose from figures below 1 to values above 1 on addition of pyruvate, lactate, 
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and glycerol. The conclusion drawn from these experiments, namely, 
that this rise is evidence of synthesis of fat from carbohydrate, is untenable, 
because any one of the substances added may give different R.Q. values 
according to the manner in which the reaction of the particular substance is 
oriented. R.Q. values in in vitro expeiiments are only an indication of 
decarboxylation reactions accompanied by oxidation or reduction. The 
R.Q. value of the brown adipose tissue of the ground squirrel was about 
0.80 (table 3). The R.Q. value of the tissue of an animal starved for eight 
weeks (with neither food nor water) went down to 0.67, presumably because 
of exhaustion of the tissue glycogen (Scoz (5), and Hoffmann and Wer- 
theimer (1) have given figmes for the glycogen content of adipose tissue). 


TABLE 1 

Oxygen consumption of brown adipos 
tissue of the ground squirrel 
Temp. 38°; pH 7.31; buffer. 
Ringer-phosphate 


Oj TJPTAKE PER HODH 

i 

BATIO OF 

Per mgin. 
dry weight 

Per mgm. 
fat-free dry 
weight 

FAT 

DBT WEIGHT 


FAT WEIGHT 

C.mm* 

j C.mm. 

per cent 


3.3 

15.8 

79.5 

4.9 

2.9 

16.2 

81.7 

5.5 

4.6 

12.4 

62.9 

2.7 

10.0 

21.2 

52.7 

2.1 

8.7 

21.2 

59.2 

2.5 

6.5 

22.0 

70.6 

3.4 

6.1 

18.1 

66.3 

3.0 

6.5 

22.0 

70.6 

3.4 

2.3 

11.8 

70.8 

5.3 

2.9 

10.8 

73.2 

3.7 


TABLE 2 

Oxygen consumption of brown adipose 
tissue at different months of the 
year 

QOs represents average O 2 uptake in 
c.mm. per mgm. dry tissue per hour 



QO. 

MONTH 

Non- 

hibernating 

Hiber- 

nating 

May 

4.9 


June 

3.7 


July 

3.5 

3.85 

August 

4.4 

3.0 

September 

6.4 

October 

5.3 

9.6 

November 

4.9 


December 

5.9 

9.8* 




*Starved for 8 weeks. 


The effect of temperature and hibernation on the respiration of brown adipose 
tissue and the kidney. Work on the respiration of hibernating animals has 
shown that during hibernation the respiration is considerably lowered. 
Fleischmann (2) pointed out that the difference was due solely to tempera- 
ture, not to hibernation. Experiments with kidney slices of the ground 
squinol showed similar results when no oxidizable substrate was added. 
However, some indication of functional damage of the kidney during hiber- 
nation was observed on studying the rate of oxidation of added substrates 
(pyruvate and succinate). The rate of oxidation of pyruvate by the kidney 
of the hibeinating animal was diminished by 12 per cent; that of succinate 
by 18 per cent. These few experiments on oxidations produced by the kid- 
ney show that further work in this direction is needed to detei*mine whether 
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there is some functional damage to tissue metabolism in hibernation (table 
4). No difference was found in the respiration of bro^vn adipose tissue 
whether alone or after the addition of succinate. 



Fig. 1. Oxygen consumption of brown adipose tissue and omental fat of ground 
squirrel. T. = 38°; pH 7.33. Ringer-phosphate, buffer. Abscissa, O 2 uptake in 
cubic millimeters per 100 mgm. of wet weight of tissue; ordinate, time in minutes. 
1, O 2 consumption of brown adipose tissue; 2, O 2 consumption of omental fat. 

TABLE 3 TABLE 4 


Respiratory quotient of Oxidations produced by the kidney of the ground squirrel 
brovm adipose tissue hibernating and non-hibernating stages 


Figures are given 
uptake and CO 2 

for O 2 l^igares given are c.mm. O 2 uptake per mgm. dry 
outnut 

per mgm. dry tissue per 

NON-HIBEnNATlNa 

HIBERNATING 

hour 


SUBSTRATE 






COj 

i 

38° 

8° 

38° 

8° 

OXYGEN 






“UPTAKE 

OUTPUT 

None 

15.5 

2.2 

15.6 

2.5 

c.mm. 

■ 1 

c.mm. 

Pyruvate 

26.9 

1.6 

23.7 

2.5 

4.6 

3.5 

Q i^Q Succinate 

39.6 

2.2 

32.3 

1.7 

4.9 

4.2 

Q gg Aceto-acetate .... 

22.8 

1.9 



3.3 

2.9 

0.88 





3.95 

3.25 

0.82 





6.74 

4.47 

0.78 

< 




6.8 

5.0 

0.73 





J9.5 

6.1 

0.64 





\9.4 

6.65 

0.71 






* Starved for 8 weeks. 


That the brown adipose tissue plays some r61e during hibernation may 
be indicated by the striking difference that low temperatures (the body 
temperature of the hibernating animal) have on the rate of oxidation of the 
kidney and the bro\vn adipose tissue. The respiration of the kidney 
diminished its oxygen consumption by 85 per cent; the resphation of the 
brown adipose tissue showed a diminution of 64 per cent. The same differ- 
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once was found in the rate of oxidation of succiaate; its oxidation by the 
kidney at 8° was inhibited complete^ while its oxidation by the brown 
adipose tissue was inhibited by 81 per cent (table 5). (Pyruvate and aceto- 
acetate were not oxidized by the kidney at 8°.) 

Oxidations produced by brown adipose tissue. Few studies have been 
made of the oxidations produced by adipose tissue. Fehx and Eger (4) 
found that pyi’uvate, glycerol and lactate increased its oxygen consumption. 
Due to the variation from day to day of the amount of oxygen uptake, 
comparative rates of oxidation are given. They were obtained b}’’ taking 
as 100 the oxygen consumption of the tissue ■without added substrate. The 
tissue oxidized succinate at the highest speed, equal to that of the oxidation 


TABLE 5 

Effect of temperature on the oxygen consumption 
of the brown adipose tissue (B.A.T.), and the 
kidney of the ground squirrel 
Figures given are c.mm. O 2 per mgm. dry weight 
per hour 


StTBSTBATE 

B.A.T. 

KIDNEY 


38 ° 

. 

38 ° 

8 ° 

None 

3.9 

1.4 

15.5 

2.2 

Succinate .... 

10.0 

1.85 

39.5 

2.2 


TABLE 6 

Oxidations produced by brown 
adipose tissue 

Temp. 38°; buffer, Ringer-phos- 
phate; pH 7.4, Figures ex- 
press comparative rates when 
the O 2 uptake of the tissue 
alone is taken as 100 


SUBSTRATE 

COMPARA- 
TTV'E BATE 

Succinate 

245 

Pyruvate 

145 

Lactate 

132 

Butyrate 

121 

j8-hydroxy butyrate. . . 

118 

Alanine 

118 

Citrate 

114 

Glutamate 

112 

a-ketoglutarate 

109 

Glucose 

; 100 


of succinate by the kidney. Pyruvate, lactate, citrate, a-ketoglutarate, 
butyrate, ^-hydroxybutyrate, dl-alanine and 1 (-+-) glutamate were also 
oxidized (table 6). 

von Szent-G 3 mrgyi and his co-workers (6) found that small amounts of 
fumarate acted as catalysts of cellular respiration (C4 dicarboxylic acid 
catalysis). The respiration of broA\Ti adipose tissue was not appreciably 
increased on addition of fumarate (0.0005 ]\f) (table 7). 

Effect of inhibitors. Ruska and Quast (7) ventured the opinion that the 
respiration of adipose tissue may not be an iron-porphyrin catalj'^sis because 
they failed to find appreciable quantities of iron. As can be seen in table 8, 
the respiration of brown adipose tissue was almost completety inhibited 
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by HCN (0.0005 M) (96 per cent), an inliibition which never reaches such 
an extent in other mammalian tissues (8). It would seem that oxidations 
in this tissue proceed completely through iron-porphj^rins. The respiration 
was also inhibited 71 per cent with 0.001 M arsenite, 61 per cent by 0.02 ilf 
malonate, and 53 per cent by 0.001 M iodoacetate. 

Ana&rohic glycolysis. The brown adipose tissue of the ground squirrel 
showed a measurable anaerobic gtycolysis, both in the absence and in the 
presence of glucose. In the absence of glucose (autogl 3 '^col 5 ’-sis) there was 
0.94 c.mm. COo.formation per milligram of dry weight (Ql) ; in the presence 
of glucose the figure rose to 1.33. The Ql values rose to 4.0 and 6.0 
respectivety when determined as fat-free dry tissue (table 9). 


TABLE 7 

Effect of fumaraic on the respiration of 
brown adipose tissue 

Temp. 38°; pH 7.4 (Ringer-phosphate). 
Concentration of glucose 0.01 M; of 
fumarate, 0.0005 M. Figures express O 2 
uptake per mgra. dry weight 


TIME 

CONTROL 

GLUCOSE 

FUMARATE 

GLUCOSE 

4* 

FUMARATE 

mintttes 

30 

5.0 

4.5 

5.2 

4.9 

60 

9.0 

8.0 

9.4 

8.5 

90 

12.6 

11.0 

13.7 

11.8 

120 

16.1 

14.8 

17.6 

15.0 

150 

19.5 

18.0 

22.0 

• 18.4 

180 

23.0 

21.7 

25.6 

21.8 

210 

26.6 

25.3 

30.1 

26.0 

240 

31.0 

30.0 

34.5 

30.2 


TABLE 8 

Effect of inhibitors on the respiration of 
brown adipose tissue 
Temp. 38°; pH 7.4; Ringer-phosphate 
buffer 


INHIBITOR 

CONCEN- 

TRATION 

INHIBI- 

TION 

Hydrocyanic acid.. 

0.005 

per cent 

96 

Arsenite 

0.001 

77 

Malonate 

0.02 

61 

lodoacetic acid. . . . 

0.001 

53 


Some components of enzyme systems. Methods. Cytochrome c was 
detected by the method of Keilin and Hartree (9). The extracted cyto- 
chrome was reduced vdth Na 2 S 204 and the absorption band at 5500 A 
was observed with a Zeiss microspectroscope. A comparative determina- 
tion of cjdochrome oxidase was made as follows; 0.5 gram of tissue (heart 
and brown adipose tissue) plus 20 cc. H 2 O was ground with sand, and the 
suspension was centrifuged to remove oxidizable substrates. To the 
residue were added 2 cc. of 0.06 M phosphate pH 7.0 plus 3 cc. H 2 O; the 
suspension was poured into a mortar and ground once more with sand. A 
plane parallel optical cell containing 10 cc. of reduced cytochrome c (10 
mgm. cytochrome dissolved in 12 cc. H 2 O plus 2 cc. 0.1 M phosphate pH 
7.0) was placed in front of a Zeiss microspectroscope. With the aid of a 
syringe 0.4 cc. of the tissue suspension was added rapidly, and the time of 
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disappearance of the 5500 A absorption band was then recorded. Diphos- 
phothiamine (cocarboxylase) was estimated by the method of Lohmann 
and Schuster (10). The beer yeast for these determinations was kindly 
furnished by the Keeley Brewing Company of Chicago. Diphospho- 
thiamine was prepared at the laboratory. Ascorbic acid was determined 
by grinding the tissue with a mixture of trichloroacetic and metaphosphoric 
acids, the jBltrate being titrated with 2,6-dichlorophenol indophenol (11). 

The presence of c 3 rtochrome c w^as detected spectroscopically. The 
cytochrome oxidase content of the brown adipose tissue was 14 per cent 
that of the heart of the same animal. (With heart muscle the 5500 A 
absorption band disappeared in 5 minutes, 10 seconds; mth brown adipose 


TABLE 9 

Anaerobic glycolysis of 
broivn adipose tissue 
Temp. 38°; buffer, Ringer- 
bicarbonate; pH, 7.4; 
glucose content, 0.01 M. 
Figures given are c.nun. 
COj produced per mgm. 
dry weight per hour. 


KO QLXTC03E 

GLTJCOSE 

1.0 

1.45 

0.84 

1.06 

0.99 

1.43 

0.95 

1.36 

4.0* 

6.0* 


* Per mgm. fat-free 
weight. 


TABLE 10 

Some components of enzyme systems present in brown 
adipose tissue {brown squirrel) 


COMPONENT 

BBOWN ADIPOSE 
TISSUE 

OTHEn TISSOT 

Cytochrome c 

++ 

14 

15 r X gt 

18 yt 

0.111 mgm. X 

1 gram- 

Heart -f-f + 
Heart (100) 
Liver 5.5 y 
Liver 6.5 y 
L iver 0.375 
gram X -gram 

Cytochrome oxidase . . 
Diphosphothiamine. . . 
Diphosphothiamine. . . 
Ascorbic acid 



t Hibernating. 
t Non-hibernating. 


tissue it disappeared in 35 minutes, 54 seconds.) The bro\vn adipose tissue 
was also rich in diphosphothi amine; it contained 18 micrograms per gram 
of fresh tissue while the liver of the ground squuTel contained only 6.5 
micrograms. After six weeks’ hibernation there was a drop of only 15 
per cent in both tissues (table 10). Ochoa and Peters (12) report that after 
thiamine deficiency the diphosphothiamine content in the liver dropped 
from 5.1 micrograms per gram to 0.44, i.e., there was a loss of 91 per cent. 
The ascorbic acid content was 0.111 mgm. per gram, one-third that found 
in the liver of the ground squirrel (0.375 mgm.). 

SIOVDMART 

The brown adipose tissue of the ground squirrel shows considerable 
metabolic activity when compared not only with the white adipose tissue 
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but with tissues of high metabolic activity; the O 2 consumption of the fat- 
free tissue was 17.1 ± 3.65 c.mm. per milligram of dry weight. The R.Q. 
was 0.80. The anaerobic glycolysis in the absence of glucose was 4.0 
c.mm. CO 2 ; on addition of glucose it rose to 6.0. The tissue oxidized 
succinate and pyruvate with the same activity as the kidney; it also 
oxidized lactate, citrate, cn-ketoglutarate, fatty acids, and amino acids. 
The respiration was almost completely abolished by HCN. The tissue 
contained cytochrome c, and the activity of its cytochrome oxidase was 
14 per cent that of the heart. The diphosphothiamine content of the tissue 
was 18 micrograms per gram, three times that of the liver. The ascorbic 
acid content was 0.111 mgm. per gram, one-third that of the liver. When 
the oxygen consumption of the brown adipose tissue and the kidney was 
determined at the temperatures of hibernation and non-hibernation there 
was a striking difference; while the respiration of the kidney at the tempera- 
ture of hibernation was only 15 per cent that of the respiration at 38°, 
the respiration of the brown adipose tissue was still 36 per cent. In 
hibernation, therefore, while all the other tissues reduce their metabolism 
to a minimum, the bro-wn adipose tissue still retains one-third of its op- 
timum activity. 
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The follo^ving experiments were undertaken to determine whether, in the 
condition of shock, changes in lymph flow and composition might be found 
which would indicate alterations in the composition of the tissue fluid. 

Low blood pressm’e, the most characteristic feature of the various t 3 ’pes 
of shock, is generally agreed to be due to a reduction in the amount of blood 
available for circulation. This decrease in the effective blood volmne may 
be brought about bj’" any one or a combination of the folio vung conditions: 
a, actual loss bj'' hemorrhage; b, stagnation and pooling of blood in dilated 
peripheral vessels, and c, loss of fluid from the blood stream through 
increased capillary transudation. If the latter occurs to any great extent, 
the resulting accumulation of tissue fluid might promote an increased 
production of lymph. 

An increase in the flow of thoracic duct lymph was observed in dogs 
during histamine shock (Dale and Laidlaw, 1911-1912) and during shock 
from intestinal manipulation (Mann, 1914). Thoracic duct flow is influ- 
enced so markedl}’- by respiration and by the state of intestinal activity 
that it is difficult to evaluate data obtained from this soui-ce. Haynes 
(1932) reported an increase in the amount of leg lymph during short periods 
of histamine injection but states that, with one exception, her animals 
were not in a state of shock. 

In a few of our preliminary experiments, shock was induced in anes- 
thetized dogs b}’^ intestinal manipulation or by Best and Solandt’s (1940) 
method of pulping the thigh muscle with blows from a rubber mallet. V’ ith 
both of these methods it was exceedingly difficult to control the time of 
onset and the degree to which shock was produced. It therefore seemed 
advisable to concentrate first on histamine shock, which is known to 
resemble traumatic shock in many respects (Dale and Laidlaw, 1918-1919) 
and has the advantage of being more easily controlled. In addition, it does 
not introduce complicating factors such as hemorrhage or the effects of 
wide variations between the time of trauma and the onset of shock — ^factors 
which alone might alter lymph production. 

^Method. In dogs anesthetized with nembutal (40 mgm. per kgm. of 
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body weight) the right and left cer\dcal lymphatics and, in a few instances, 
the thoracic duct were cannulated. A continuous flow of cervical lymph 
Avas maintained by the “nodding head” technique (McCarrell, 1939). 
Artificial respiration Avas administered through a tracheal cannula; arterial 
pressure Avas recorded from the femoral arteiy and A'-enous blood samples 
Avere remoA^ed from the opposite femoral A'^ein. Venous pressure AA’^as 
determined at interA’-als AA'ith a saline manometer attached to a small 
glass tube, AA'hich AA^as inserted through a cut in a side branch of the external 
jugular vein until the tip of the tube just reached the external jugular 
blood stream. During the operation and prior to the collection of l 3 Tnph, 
plysiological saline (20 cc. per kgm. of bod}-- weight) AA^as giA’^en intra- 
venouslj^ to insure adequate h 3 '-dration of the tissues. 

After a control period of approximately one hour, during AA^hich lymph Avas 
collected and the floAv determined in milligrams per minute, the intravenous 
injection of histamine (4 mgm. of ergamine acid phosphate per cc. saline) 
AA'as begun. The total amount of histamine injected depended on the 
sensitivit}’" of the indiAudual animal’s blood pressure response and on the 
length of the experiment. The blood pressure AA^as recorded constantly 
and sufficient histamine AA'as given in repeated doses to maintain the blood 
pressure at 40 to 60 mm. of mercuiy. The blood pressure Avas kept at this 
loAv level from 1.0 to 6.3 hours, and the average dose of histamine Avas 2.8 
mgm. per kgm. per hour. No nembutal AA'as necessary during the period 
of shock. Changes in cervical tymph protein and serum protein AA'ere 
folloAA'ed bj' refractometric determinations of protein percentage. Kjeldahl 
determinations Avere done on the thoracic duct b'mph as it Avas generally 
too milk}'- for accurate refraction. Yeiy small amounts of A^enous blood 
Avere remoA'ed for oxygen determinations, and the remoA'al had no noticeable 
effect on the blood pressure. 

Results. Figm’e 1 is an example of responses noted during one typical 
experiment (dog 2), and table 1 contains figures for the results obtained 
in the series of eight experiments. 

1. Arterial pressure. Within one minute after the beginning of the 
injection of histamine, the arterial pressure fell sharply in the manner 
described by Dale and LaidlaAV (1918-1919) AA'ith sIoaa' histamine injections. 
This low pressure is due to a general dilatation of arterioles and capillaries 
and, in the dog, to the additional factor that blood is trapped in the 
splanchnic area by constriction of the hepatic veins (Best and INlcHemy, 
1931). At the conclusion of the histamine administration the pressure, 
AA'ith one exception, rose to values slight^’' loAA'er than the control levels but 
alAA'ays aboA'e 90 mm. and usually above 100 mm. of mercury. In dog 6, 
hoAvever, the pressure remained at shock levels after histamine AA'as dis- 
continued, and the animal eventually died from the effects of the histamine. 

2 Cervical lymph flow. A few minutes after the onset of the Ioaa' arterial 
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pressure the cervical lymph floNv increased, and peaks were quickly reached 
that were 1.1 to 4.9 times the control levels. As the period of shock 



Fig. 1. Effect of intravenously injected histamine on cervical lymph production. 
A, venous pressure in centimeters saline; B, arterial pressure in millimeters of mer- 
cury; C, cervical lymph flow in milligrams per minute; D, cervical lymph protein in 
milligrams per minute; E, cervical lymph protein percentage. Period of histamine 
injection indicated by arrow. 

continued the flow decreased from its peak, sometimes levelling off at or 
slightly above control values and sometimes continuing to decrease for the 
duration of the experiment. A small second rise was noted in a few cases 
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during the arterial pressure rise after the shock period, but this was not a 
consistent response. In experiment 1 (table 1) the arterial pressure was 
allowed to recover after being at a low level for one hour. During a sub- 
sequent period of shock the cervical lymph flow, which had decreased to 

TABLE 1 


Flow and characteristics of lymph in dogs given histamine shoch 
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approximately the control value, again rose. This second peak was not as 
great as the peak obtained during the fii’st shock period. 

3. Cervical lymph protein. The lymph protein percentage in all but one 
case decreased with the rise in lymph flow. The flow was so large that, 
in spite of its reduced protein percentage, the protein in the lymph in 
milligrams per minute was in the majority of the cases markedly increased. 
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As the flow decreased, following its peak, the protein percentage rose to 
approximately control values. 

4. Thoracic duct lymph. In two of the three experiments in which the 
thoracic duct was cannulated there was a large rise in flow, percentage of 
Ijonph protein, and protein in milligrams per minute at the onset of the 
shock period and coincident with the rise in cervical Ijunph flow. The 
thoracic duct changes will not be discussed in detail since the increased 
intestinal motility and constriction of hepatic veins, which histamine is 
known to cause (Best and hlcHenry, 1931), introduce complicating factors 
that undoubtedly influence thoracic duct flow to a greater degree than do 
changes in capillary permeability. 

5. Serum protein percentage. In three experiments the serum protein 
percentage rose and in three others the percentage decreased during the 
period of histamine shock. Derer and Steffanutti (1930), Atchlej’’, 
Richards and Benedict (1931), and Hajmes (1932) found no change or a 
slight fall in serum protein per cent after histamine administration, while 
Beard, Wilson, Weinstein and Blalock (1932) report a slight increase. 

6. V enous pressure. There were no consistent or significant changes in 
venous pressure during the experiments. Control values averaged 1.8 
cm. of saline. In four instances the pressure rose 0.4 to 5.5 cm. and in five 
cases dropped 1.3 to 6.9 cm. during the period of shock. 

7. : Venous oxygen content. In all but one experiment (no. 4) the oxygen 
content of the venous blood was significantly lower dming and after the 
period of shock as compared with the control period. This is an expression 
of the slow capillary circulation and stagnation that occurs during shock 
and is in accord with Aub and Cunningham’s (1920-1921) studies on trau- 
matic shock in cats. They found not much change in the oxygen content of 
arterial blood, but a diminished oxj^gen content of venous blood was still 
present after the apparent recovery from shock. Aub and Cunningham 
give this as e\ddence for the existence of tissue anoxemia during and after 
shock conditions. 

Discussion. Dale and Laidlaw (1918-1919) emphasized the. fact that 
the reduction in circulating blood volume so characteristic of histamine 
shock is brought about mainly by capillar}'" dilatation, but that this 
condition is augmented by, a loss of plasma through damaged capillaiy 
walls. Additional evidence has been reported for an increase in the 
transudation of plasma (Atchley, Richards and Benedict, 1931) and for a 
loss of water from the blood (Butler, Beard and Blalock, 1931) during 
histamine shock in dogs. 

The present analysis of IjTnph production in a subcutaneous area gives 
clear evidence that earl}’" in the period of histamine shock the capillaries 
become more “leaky” and a large amount of proteinized fluid escapes 
from the blood stream and may be recovered as lymph. However, this 
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state of increased capillaiy permeability is evident!}'- not sustained through- 
out the period of histamine shock. Capillaiy conditions apparent!}^ 
become more or less stabilized quite soon, and factors such as an increased 
osmotic pressure of the blood or a decreased filtration pressure must 
inhibit fluid transudation to such an extent that Ijmph production is not 
permanently increased. 

Since it is very possible that anoxemia plaj’^s an important role in any 
condition in which capillaiy blood flow is diminished, it is interesting to 
note that Maurer (1940), in experiments on the effects of anoxemia on 
cervical Ijunph flow, found somewhat the same temporary quality in the 
increased flow brought on b}^ a period of low oxj^gen ventilation. 

SUMMARY 

Cervical l3miph flow and iirotein content vnre studied in dogs during 
histamine shock in order to obtain evidence relative to the state of capil- 
lary permeabilit}’- during this condition. Blood pressure ivas reduced to 
40 to 60 mm. of mercury for periods of from 1.0 to 6.3 hours by intravenous 
doses of histamine. Earl}' in the period of shock a considerable amount of 
proteinized fluid escaped from the blood stream, as was shovm by cervical 
lymph flows that were 1.1 to 4.9 times the control values. The lymph 
protein percentage became less but the amount of protein in milligrams per 
minute was markedly increased. This condition of increased capillary 
transudation was not permanent for, as the period of shock continued, 
lymph flow and protein content returned approximate]}' to their normal 
values. 
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When ether is administered to normal animals, the following circulatory 
changes occur; abdominal vasoconstriction (1), cerebral vasodilatation 
(2), and probablj’- dilatation of the cutaneous vessels (3). In the dog, there 
is also evidence of an increased blood flow in the deep vessels of the lower 
extremities ('4). These adjustments are so balanced that even in the pres- 
ence of an increased cardiac output (5, 6), ether anesthesia results in little 
or no change in the mean arterial pressure. Such precise regulation 
suggests a high degyee of autonomic nervous integration. In view of this, 
we have attempted to evaluate the role of the S3’’mpathetic nervous system 
by studying the circulatoiy responses to ether inhalation which az’e shown 
by completel}’- sympathectomized dogs. 

Methods. All operations were carried out asepticallj’’ under nembutal 
anesthesia (30 mgm. per kilogram of bodj’’ weight, intravenousljO- The 
sympathectomies were usuallj’^ done in two stages (7), although in two 
animals the three-stage operation was used (8). In most of the dogs, the 
completeness of the s^’^mpathectoray was verified bj'" autops.y. Since the 
S3’^mpathetic chains were usualb'- removed intact, and since the formation 
of dense scar tissue invariably obscured the original site of the nerve chains, 
we do not attach much significance to these gross examinations. The 
carotid arteries of three sympathectomized dogs were enclosed in skin 
flaps so that the 3 '^ could be occluded easil 3 ^ The absence of an 3 ’' significant 
increase in blood pressure when the carotid arteries wez’e occluded served 
as a functional test for the completeness of the S 3 '^mpathectom 3 '^ (9). It must 
be emphasized that these animals Avez’e in good condition when used for 
experimentation. Most of them had retuzmed to their preoperative weight, 
and several had gained weight. 

In two s 3 'mpathectomized dogs, the z'ight vagus was severed of all its 
connections in the lower cervical region except the recurrent laryngeal 

* A preliminary report of this work was presented before the American Pl^si- 
ological Society, New Orleans. This Journal 129: P449, 1940. 
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nerve, and the left vagus Avas enclosed in a skin flap in the same fashion 
as the carotid arteries. The intact left vagus was sectioned under local 
anesthesia (2 per cent novocain) when the ether experiment was carried out. 
This procedure Avas adopted because it AA^as our experience that chronicall}^ 
vagotomized preparations either died or became too sick from vomiting 
to permit further Avork. 

The carotid sinus functions AA^ere abolished in tAvo dogs bj’- stripping the 
carotid arteries at their bifurcations and for a considerable distance along 
each branch. The absence of a rise in blood pressure AA'hen the carotid 
arteries Avere occluded demonstrated that the carotid sinuses had been 
completely denervated (10). 

Ten days to tAvo months after the final operation, the sympathectomized 
dogs AA'ere placed upon the animal board for a control period of one and 
one-half to tAvo hours. Ether AA-as then administered by the drop method 
for one hour. 

The mean arterial blood pressure in the femoral arteiy Avas determined 
dhectlj^ by arterial puncture, or by the insertion under local anesthesia 
(2 per cent noA'ocain) of the usual glass cannula, attached to a mercury 
manometer. 

The heart rates AA^ere counted from the kymograph records and checked 
against rates counted Avith a stethoscope. 

Blood ether concentration Avas measured by a modification of the ordi- 
nary iodine pentoxide method (20). Since it is generally conceded that 
jugular Arein blood yields the best approximation of the ether concentration 
in the brain, blood from this source aa'rs used for the ether determinations. 
Control experiments AA^ere performed on ten normal dogs. 

Results. In describing the folloAAung experiments only tAvo stages of 
anesthesia haAre been recognized: that of excitement and that of surgical 
anesthesia. The eA’-ents occur so quickly in the dog that it is impractical 
to distinguish the first and fourth stages. 

The mean femoral arterial pressure in ten resting, unanesthetized, normal- 
dogs averaged 120 mm. Hg, and the heart rate aA’-eraged 95 beats per 
minute. The induction of ether anesthesia (fig. 1) produced an immediate 
and considerable rise in blood pressure accompanied by a pronounced 
cardiac sloAAung. As the stage of excitement Avas passed and the stage of 
surgical anesthesia AA^as entered, the blood pressure returned toAAmds the 
preanesthetic leArel and the heart rate increased markedly. Under full 
surgical anesthesia, Avith blood ether values betAA'een 100 and 150 mgm. per 
cent, the mean arterial pressure AA^as generally 10 to 15 mm. Hg loAA^er than 
the control level. In this stage, the heart rate usualb’- varied from 160 
to 205 beats per minute. Occasional^ rates as Ioav as 120 and as high as 
270 Avere observed. 

Thhteen experiments on eight completely sympathectomized dogs 
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showed an average control blood pressure of 110 mm. Hg. The heart rate 
averaged 75 beats per minute. With the first lireath of ether (fig. 2), 
there occurred an immediate fall in blood pressure, amounting in some 
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Fig. 1. The effect of ether inhalation upon the blood pressure of the normal dog. 
Note the bradycardia and the rise in blood pressure. 
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Fig. 2. The effect of ether inhalation upon the blood pressure of the totally sym- 
pathectomized dog. Note the periods of asystole which disappear when ether is 
removed at “off.” 


animals to as much as 80 mm. Hg. At the same time there was a pro- 
nounced bradycardia, and in some animals the heart ceased beating alto- 
gether. So sudden and so drastic were these changes that three dogs were 
killed by only three or four inhalations of ether. In one instance, death 
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Fig. 3. The effect of ether inhalation upon the blood pressure of the totally S 3 ''m- 
pathectomized dog. The blood pressure did not rise when the heart rate accel- 
erated to the e.xtent that it did in the e.vperiinent shown in figure 2. 

THE RELATION OF MEAN ARTERIAL BLOOD PRESSURE TO 
BLOOD ETHER CONCENTRATION IN NORMAL AND IN 
SYMPATHECTOMIZED DOGS 
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occurred with a blood ether concentration of 43 mgra. per cent. Such 
unfortunate accidents were avoided b 3 ’' renlo^dng the ether cone during 
the periods of asj’^stole (see fig. 2). This manoeuver resulted in an imme- 
diate rise in blood pressure, at which time it was again safe to administer 
ether. As anesthesia deepened, the heart no longer re.sponded with these 
critical periods of as 3 \stole, and Avith a rising arterial pressure, the animal 
passed through the period of induction. In some experiments, the return 
of the blood pressure towards the control value was striking (fig. 2), but 
in others (fig. 3) it remained at a low level. As muscular tone disappeared 
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Fig. 5. The effect of ether inhalation upon the blood pressure in a vagotomized, 
sympathectomized dog. The high heart rate shown by this animal is related to the 
acute section of the left vagus nerve. The denervated heart rate in dogs kept for 
several days was always between 128 and 135 beats per minute. 


and complete surgical anesthesia was attained, the blood pressure usuallj’’ 
ranged between 30 and 70 mm. Hg (fig. 4). In this stage the heart rate 
of sympathectomized dogs averaged 132 beats per minute, with a range of 
128 to 135. It should be noted that s 3 ’’mpathectomized dogs could be 
maintained in the surgical stage of anesthesia vdth lower blood ether 
values than could normal dogs. 

The circulatorj’’ response to ether inhalation was studied in three sympa- 
thectomized, vagotomized dogs. In everj’’ experiment the administration 
of ether caused a prompt fall in mean blood pressure without any gross 
change in cardiac rate (fig. 5). Since there were no periods of as 3 "stole 
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during induction, surgical anesthesia was attained more easil^L Otherwise, 
the circulatoiy reactions were similar to those shown b}’- s^'-mpathectomized 
dogs nith intact vagi. 

One sympathectomized dog was injected subcutaneous^" with atropine 
sulfate (1.0 mgm,). Twenty minutes later the heart rate had increased to 
230 beats per minute. This value, which is far in excess of the rate of the 
denervated dog heart (132 per min.), has been attributed to the central 
stimulation of the vagal cardio-accelerator fibers (11). The inhalation of 
ether bj" the atropinized, sympathectomized dog resulted in a prompt fall 
in blood pressure without cardiac slowing. 

The functions of the vagi and of the carotid sinuses were eliminated in 
two dogs. The administration of ether to these animals produced a greater 
rise of blood pressure during the induction stage than was observed in the 

TABLE 1 


STAGE OP ETHER ANESTHESIA 


DOGS 

Excitement 

Surgical 


Heart rate 

Blood pressure 

Heart rate 

Blood pressure 

Normal 

Slowed 

Elevated 

Accelerated 

Unchanged ± 
15 mm. Hg 

Sympathectomized 

j 

Slowed 

Reduced 

Accelerated to 
denervated 
heart rate 

Reduced 

Sympathectomized, va- 
gotomized 

Unchanged 

Reduced 

Unchanged 

Reduced 

Buffer nerves cut : carotid 
sinuses denervated and 
bilateral vagotomy j 

Unchanged 

Elevated 

i 

i 

Accelerated 

Reduced to 
level of nor- 
mal, ether- 
ized dog 


records of normal dogs. No periods of asystole Avere present during the 
excitement stage, but some cardiac acceleration Avas noted AA"hen the anes- 
thesia deepened. In the stage of surgical anesthesia, the blood pressure 
Avas maintained at or above normal levels. 

The effects of ether anesthesia upon the heart rate and the blood pressure 
of the Amrious animals used in this study are summarized in table 1. 

Discussion. The bradycardia shoAAm bj" normal and S 3 mipathectomized 
dogs during the excitement stage of ether anesthesia Avas absent in vagoto- 
mized dogs and in dogs in Avhich the vagal cardiac impulses had been 
blocked by atropine. This vagal effect is not the result of a carotid sinus 
reflex secondarj" to the rise in systemic blood pressure, for it occurred in 
sympathectomized dogs in AA'hich the blood pressure fell as well as in ani- 
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mals with denervated sinuses. Tlie slow heart rate can be explained as a 
reflex stimulation of the vagal centers induced bj’- the irritant action of 
ether upon the respiratory mucosa (12), 

The rapid heart rate of the surgical stage of ether anesthesia is probably 
the result of stimulation of the cardio-accelerator mechanism and of 
inhibition of the vagal mechanism (13, 14). That vagal release occurs is 
shown by the fact that the heart rate is increased to about 132 beats per 
minute in etherized, sympathectomized dogs. The failure of the heart 
rate of such animals to exceed that of the denervated heart indicates that 
the vagal accelerator fibers are not excited b}’- ether. 

It is not clear from our experiments that the adrenal secretion which is 
said to occur dining ether anesthesia (15) plaj’^s an important role in the 
changes in heart rate. The administration of ether to two dogs vith inac- 
tivated adrenals showed that the usual cardiac acceleration was present. 
That the denervated gland is not affected directly b3’- ether is demonstrated 
bj*^ the observation that the inhalation of ether bj’^ vagotomized, sympathec- 
tomized dogs produced no changes in the heart rate. These findings 
indicate that changes in the heart rate during ether anesthesia can be 
accounted for on a neural basis. 

In the normal dog the excitement stage of ether anesthesia was asso- 
ciated -vrith a rise in arterial pressure. This is in marked contrast with the 
response of the S3’’mpathectomized animal which, imder these conditions, 
showed an abrupt fall in mean blood pressure. Duriug surgical anesthesia 
(blood ether, ICO to 150 mgm. per cent), the mean arterial blood pressure 
of the normal dog was maintained between 100 and 120 mm. Hg. After 
complete sjTnpathectomj^, the blood pressure at corresponding blood ether 
levels was low (30 to 70 mm. Hg), and the pressure was almost iaverselj’’ 
proportional to the blood ether concentration. These observations demon- 
strate that the sympathetic nervous sj'^stem is essential for the blood pres- 
sure responses to ether which are shown bj'" the normal dog. 

The sjmipathetic vaso-constrictor impulses responsible for these reactions 
maj’' arise from reflex stimulation of the vasomotor center. It is con- 
ceivable that certain blood ether concentrations may produce peripheral 
vaso-dilatation which in the normal animal is masked bj’- vascular reflexes 
originating in the aorta and in the carotid sinuses. Since the blood pres- 
sure was maintained at or above normal levels when ether was administered 
to dogs -ndth the circulatory buffer neives cut, it may be concluded that 
the sympathetic vaso-constrictor mechanism of etherized, normal dogs 
functions in the absence of afferent impulses from the aorta and carotid 
sinuses. 

The possibility of a direct stimulation of the vasomotor center by ether 
was considered bj’- Pilcher and Sollmann (16) who concluded that any 
vasomotor stimulation observed during ether anesthesia is the result of 
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anoxemia induced b 3 ^ respiratoiy depression. Determinations of the arte- 
rial oxj'-gen content and oxygen capacitj’- (Shaw and Downing’s (17) modi- 
fication of the Van Sl 5 ’'ke-Neill method) were made upon normal and 
sjunpathectomized dogs. The striking difference between the vascular 
responses of our normal and sjmpathectomized dogs bore no relation to 
the degree of ox 3 ^gen unsaturation. ' From this it appears that during 
ether anesthesia S3mpathetic vasoconstriction is not necessaril 3 '^ dependent 
upon the presence of anoxemia. 

During the induction stage of ether anesthesia, the blood pressure of 
S 3 mpathectomized dogs falls. The fall in blood pressure appears whether 
there is a marked cardiac slowing (s 3 mpathectomized dogs with intact 
vagi, figs. 2 and 3), or whether the heart rate remains unchanged (vagoto- 
mized, s 3 mpathectomized dogs, fig. 5). It must be noted, however, that 
pronounced vagal sloping aggravates the fall in pressure, and increases the 
danger of fatalit 3 L The sudden fall in blood pressure which occurs when 
a S 3 mipathectomized animal struggles (IS, 19), is not identical with the 
blood pressure response to ether inhalation. This is shown b 3 ’’ the fact 
that during ether induction the arterial pressure frequentl 3 '' falls 40 to 
60 mm. Hg before actual struggle has begim. The relation of this fall in 
blood pressure to the posterior root dilators is under investigation. 

Since there are no data eoncei-ning the effect of ether upon the cardiac 
output of the S3mpathectomized animal, it is not possible to evaluate the 
factors which produce the low blood pressure shown b 3 '- etherized, S 3 mpa- 
thectomized dogs. 

The eraergenc 3 '' function of the S 3 mpathetic nervous s 3 "stem of the cat 
has been recognized for some time. Recent studies upon sjmpathec- 
tomized dogs have failed to demonstrate a similar homeostatic function 
in this species (21). The abo-^^e experiments are, therefore, of considerable 
interest, for the 3 '' are among the fii-st to indicate the importance of the 
S3^mpathetic nervous S3"stem of the dog in the preservation of homeostasis. 

This investigation resulted from conversations with Dr. M. I. Gregersen 
for whose continued interest and support we are gi’ateful. 

SUMMARY 

1. In normal dogs the induction of ether anesthesia produces, during 
the excitement stage, a rise in blood pressure accompanied by bradycardia. 
Under surgical ether anesthesia the mean arterial blood pressure is usually 
10 to 15 mm. Hg lower than the control blood pressure. In this stage the 
heart rate increases to between 160 and 205 beats per minute. 

2. The administration of ether to completel 3 '' sympathectomized dogs 
produces an immediate fall in blood pressure to between 40 and 70 mm. Hg. 
This is associated Avith a marked brad 3 ''cardia. During surgical anesthesia, 
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the heart rate increases to about 132 beats per minute. The blood pressure 
remains low, and varies inversely with the blood ether concentration. 

3. The inhalation of ether by vagotomized, sympathectomized dogs is 
attended by a prompt fall in blood pressure without any gross change in 
heart rate. 

4. When ether is administered to dogs with the vagi and carotid sinus 
neiwes cut, the blood pressure increase is greater than that shown by normal 
animals. During surgical anesthesia, the blood pressure is maintained 
at or above normal levels. 

5. It is concluded that the function of the sympathetic nervous system 
is essential for the maintenance of the blood pressure at normal levels 
dm’ing ether anesthesia. 
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While worldng upon problems of lymph movement in the upper part of 
the abdomen, we were struck witli the extraordinaiy number and size of 
the l.ymphatic trunks upon the surface of the gall bladder of the cat. It 
proved easy to cannulate these vessels and collect what was certainly gall- 
bladder l 3 Tnph, liut when this was done two facts emerged; first, the amount 
of l3miph collected per minute Avas A'eiy large; and second, the protein 
concentration of the l3mA]3h was ]5racticall3’^ that of the blood. 

An examination of the literature shoAved that Sappe 3 ' (1874), for human 
material, had pictured l 3 ’-mphatics passing from the liA^er lobes OA’-er to join 
draining trunks upon the suilace of the gall bladder, and he left no doubt 
that gall-bladder l 3 'mph and liver l 3 TOph must be A^eiy closel 3 * related, 
Sudler (1901) examined the situation in the dog, cat, pig and man, and 
came to a similar conclusion as to the communication of gall-bladder and 
IRer l 3 ’'mphatics. In 1927 WinkenAA’erder made i-etrograde injections of 
gall-bladder 13 '^mphatics in cats, and stated thei’e AA'ere no direct connec- 
tions betAveen gall-bladder and liver Amssels. This conclusion is not correct 
for the cat, dog, monke 3 ^ and rabbit, and in all probabilit 3 '’ Avill not hold for 
man, though since the Avork of Sappe 3 '’ (1874) there are no direct obserAm- 
tions upon human material. 

Experimental. In all cases nembutal anesthesia has been used, and 
most of the observations have been made upon cats. The gall bladder 
Avas exposed through a small incision in the upper abdominal Avail, and one 
of the large l 3 ^mphatic trunks in the gall-bladder Avail Avas cannulated. 
Through the same incision it Avas eas 3 ^ to cannulate a l 3 ’-mphatic coming 
directl 3 ^ from the liver. Table 1 shoAA^s the rates of b^ph Aoav from the 
gall-bladder A'^essel, Avhich are ver 3 '^ high, together Avith protein concentrations 
in blood, in liA'-er and in gall-bladder b^ph. The identity of the three fluids 
is quite clear and is made more definite through table 2, Avhich shoAA^s the 
extraordinaiy similarit 3 ^ in protein content of blood serum, liver and 
gall-bladder lymph. 

Such figures as these, coupled AA’ith our knoAAdedge of the large amount 
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TABLE 1 


Lijrnph flow from a gall-bladder lymphatic in the cal with protein concentrations in liver 
lymph, gall-bladder lymph and blood serum 


NTTMDEn OF 
A-NIMAIi 

I LYMPH FLOW 

FROM GALL nLADDEtlj 

rnoTEiN concEuTRATions 

Gall-bladder Ij'mph 

Liver lympli 

Blood serum 


niQ7n. per min. 

per cent 

per cent 

per cent 

1 

11.2 

7.00 

6.88 

7.19 

2 

54.1 

6.88 

5.36 

6.05 

3 

21.5 

5.64 

6.01 

5.81 

4 

49.2 

5.15 

5.05 

4.36 

5 


6.97 

6.58 

7.35 

6 

41.2 

4.90 1 

5.03 

5.19 

7 


5.38 

5.44 

5.33 

8 

90.7 

5.27 

5.31 

5.29 

9 


4.16 

5.07 

5.29 

10 


4.74 

5.03 

5.57 

Average 

5.61 

5. 58 

5.74 


TABLE 2 


Protein fractionation in blood, liver and gall-bladder lymph in two cats 


KUMBER 

OF 

ANIMAL 

GALL-BLADDER LYMPH 

LIVER LYMPH 

BLOOD SERUM 

Total 

protein 

Albumin 

Globulin 

Total 

protein 



Total 

protein 




per cent j 

per cent 

per cent 

per cent 

per cent 

per cent 

per cent 

1 per cent 

per cent 

8 

5.27 

3.47 

1.80 

5.31 

3.39 

1.92 

5.29 

3.37 

1.92 

10 

4.74 

2.88 1 

l.SG 

5.03 

2.91 

2.12 

5.57 

3.38 

2.19 



Fig. 1. Exposure of gall-bladder Ij-mphatics in a cat by means of a dilute solution 
of India ink injected into the liver substance. The cannula is in one of the large 
draining trunks easily seen on the surface of the bladder. 

Note: After this paper was submitted for publication, a drawing similar to our 
own was found in H. Baum's Das Lymphgefasssystem dcs Hundcs, published by 
August Hirschwald, Berlin, 1918, showing clearlj' the connections between gall- 
bladder and liver l3'mphatics in the dog. 

SO 
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and high protein content of l 3 ’'mph coming, from the liver, made it probable 
that liver Ijnnphatics joined gall-bladder vessels very freely, and this fact 
was readily demonstrated by injections. Figure 1 is a drawing of the gall- 
bladder Ijonphatics in a cat. This animal was injected mth a dilute solu- 
tion of India ink at the two points marked X, the injection mass being 
simplj'- forced into the liver substance and being recovered not only from 
the liver Ijraph but also from the lymph leaving the gall bladder. 

Similar observations have been made in rabbits, dogs and monkeys, so 
that there can be no doubt of intimate connection of liver and gall-bladder 
vessels. This relation maj’’ be of great importance in gall-bladder infec- 
tions, since the free flow of liver Ij'-mph would readily accelerate absorption 
from a pathological gall bladder. 

Discussion and conclusions. There can be no question as to the con- 
nection of gall-bladder and liver l 3 ^mphatics. It is free and extensive. 
Tlie composition of the two l 3 Tnphs is identical, and injections into the 
liver substance are readily traced into the gall-bladder lymphatics. These 
facts have been demonstrated for the cat, rabbit, monkey and dog, the 
freedom of communication being in the order of the listing of the species. 
A final fact marches vith them, namely, the similarity in protein content 
of serum and liver lymph as brought out in table 1 and particularly in 
table 2. These findings can mean but one thing, namely, that the liver 
cells are bathed in blood plasma, and in this respect are perhaps in a unique 
position in the mammalian body, the situation in the spleen being the 
only one which has the probability of similarity. 
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Since there are high concentrations of ascorbic acid and of phosphatases 
whose optimal activity occurs at weakty acid and at alkaline pH, in the 
semen of certain species, this investigation was carried out to deterigine 
the loci of origin and the interrelationship of these substances in the -fluids 
of the genital tract of human, dog and guinea-pig males. Farrell X1938) 
observed continuous secretion of the prostate gland in dogs and Mis- 
lawsky and Bormann (1899) discovered that prostatic secretion was greatly 
augmented by parenteral injection of pilocarpine; in the present study a 
comparison was made of the principal electrolytes and of phosphat^e 
content of 'besting semen^' excreted wthout adventitious ^stinaulation and 
of pilocarpine-stimulated semen in dogs. ; 

Zimmet and Sauser-Hall (1936) found between 4.6 and 6.4 mgm. of 
ascorbic acid in 100 grams of normal guinea-pig ejaculate. Zimmet (1939) 
studied the ejaculate of guinea pigs in experimental scurvy and at the end 
of 3 weeks found the ejaculate was abnormal in that it failed to coagulate 
and did not contain sperm, and that the ascorbic acidyontent was reduced 
to 0.8 mgm. per cent; the content of ascorbic acid was doubled iii 3 hours 
following subcutaneous injection of 50 mgm. of this substance. Nespbr 
(1939) found 2.6 to 3.4 mgm. of ascorbic acid per 100 cc. of human semen. 
Phillips, Lardy, Heizer and Rupel (1940) observed ascorbic acid concen- 
trations of 3 to 8 mgm. in 100 cc. of normal bull semen; levels below 2 
mgm. were associated mth poor breeding activity. In every case the 
concentration of ascbrbic acid in semen was higher than that of blood 
plasma. No study of the source of ascorbic acid in semen has been pub- 
lished. 

In addition to the phosphatase with optimal activity at pH 9, Da^des 
(1934) and Bamann and Riedel (1934) discovered another phosphatase 
with optimal activity at pH 5 in extracts of spleen, liver and kidney. 
Kutscher and Wolbergs (1935) observed that acid phosphatase is present 

* This investigation was aided by a grant from the Committee on Research in 
Problems of Sex of the National Research Council. 
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in human ejaculate and in extracts of prostate gland in higher concentra- 
tions than any phosphatase in any other biological material. Kutscher 
and Pany (1938) found that the prostate gland of the dog contains con- 
siderabl}^ less acid-phosphatase than the human gland. 

. \ hfETHODs. Prostatic fluid was collected frcm 20 normal male dogs by 
the method of Huggins, Masina, Eichelberger and Wharton (1939). Both 
the natural excretion of the genital tract obtained without using any 
external stimulant, resting semen, and the stimidaied semen collected fol- 
lowing intravenous injection of pilocarpine hydiochloride, 6 mgm., were 
studied; in the dog the prostate gland contributes most of the volume of 
semen. Water determinations were made b 3 '^ diying known weights of 
these fluids to constant weight at 105°C. Chloride, pH and total CO 2 
were determined by methods cited in the last mentioned paper. Specific 
gi-avit}’- was measured by the falling drop method of Barbour and Hamilton 
(1926). Phosphatases were determined by the method of King and 
Armstrong (1934) utilizing disodium monophenjd phosphate as substrate 
and 0.2 N sodium acetate-acetic acid at pH 5 as buffer for the acid-phos- 
phatase and 0.2 M sodium barbital at pH 9 as the buffer for alkaline- 
phosphatase determination. The results correspond to Eng and 
Armstrong units, per 100 cc. of fluid. 

Ascorbic acid determinations were made on ejaculate from 20 normal 
adult guinea pigs, on seminal vesicle fluid frcm 13 and on the prostatic 
fluid of 7 of these animals. Ejaculate was obtained by electrical stimula- 
tion according to the method of Battelli (1922). Thick granular seminal 
vesicle fluid was secured by surgical removal of these appendages; the 
removal w'as done as completely as possible and the wound repaired. After 
7 daj'-s, electrical ejaculation was carried out and between 0.2 and 0.4 
gram of thin watery fluid was obtained. When this fluid contained co- 
agulated particles, it was considered to be grossly contaminated bv seminal 
vesicle contents and the animal was discarded; otherwise, the fluid was 
regarded as consisting chiefly of prostatic fluid. All fluids were collected 
in tared stoppered bottles. Ascorbic acid determinations were made on 
normal human semen obtained by ejaculation into a glass bottle, from 7 
normal men. In addition, using digital pressure per rectum on the ap- 
propriate gland, prostatic fluid was obtained from 11 men, seminal vesicle 
fluid from 3, and a mixture of seminal vesicle and prostatic fluid from 7 
men. The methods of identification of these fluids were those of Huggins 
and Johnson (1933). Spermatocele fluid was obtained from 6 men. All 
fluids were assaj’-ed nothin a few minutes of collection, the longest elapsed 
time being about 30 minutes after collection. 

Ascorbic acid determinations were made by titration mth 2,6-dichloro- 
phenol indophenol as described by Bessey (1939). All extractions and 
dilutions were made with 3 per cent metaphosphoric acid in water. 
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Resuets -AND DISCUSSION. Resting semen was excreted in amounts, 
0.1 to 2 cc. per hour, in the normal adult dog; it was slightly more turbid 
than the opalescent fluid obtained b 3 ’' pilocarpine stimulation, the increased 
turbidity apparently being due to the fact that it contained about twice 
as manj'^ epithelial cells and leukocytes; there were fewer spermatozoa 
in resting semen than after pilocarpine injection. The specific gravity 
of both resting and stimulated centrifuged semen varied from 1.0057 to 
1.0082. Stimulated semen was always about 0.6 pH unit more acid, and 
the CO 2 content was 0.7 to 0.9 mM higher than resting semen. The chief 
difference between these fluids (table 1) lies in the chloride content, the 
chlorides of resting semen being considerably lower than those of semen 
obtained after pilocarpine stimulation. Ball (1930) found that the sum 
of bicarbonate and chloride ions in pancreatic juice is nearly constant 

TABLE 1 


Normal values for resting semen of dogs collected without external stimulation and semen 
obtained following pilocarpine injection 
Values expressed per liter of fluid 


COHBTmiENT 

BESTINO SEMEN 

PILOCARPINE STIMTJLATEn BEMEN 

Number 
of doter- 
miimtiona 

Mean 

Standard 

deviations 

Number 
of deter- 
minations 

Mean 

standard 

deviations 

pH 

20 

6.72 

±0.33 

15 

6.14 


COjiuM 

10 

1.23 

±0.2 

10 

2.05 


Chloride, m.-eq 

23 

104 

±22.6 

15 

156 


Water, grams 

10 

981 

±4 

17 

981 



regardless of the rate of flow, but no such relationship was observed by 
us in semen. 

In the prostatic fluids of 17 dogs, acid phosphatase varied from 3 to 
286,5 units, and allialine phosphatase from 0 to 106.75 units per 100 cc. 
Pilocarpine stimulation caused an increase of acid phosphatase and a 
decrease of alkaline phosphatase in stimulated semen as compared to 
resting semen. This reciprocal relationship of these enzjnnes (table 2) 
constantlj’^ occurred. The intracellular distribution of alkaline-phos- 
phatase has been studied by Gomori (1939) who found the chief localiza- 
tion in the prostate of this enzyme around the capillaries, only traces being 
present in the epithelial cells. By a new histochemical method, which 
demonstrates acid-phosphatase, Gomori (1941) found large amounts of 
this substance in the epithelial cells. The present findings show that on 
stimulation with pilocaipine, acid-phosphatase is discharged from the 
epithelium of the prostate in gi’eater amounts than from the unstimulated 
gland. The obser\’’ed decrease in alkaline-phosphatase in stimulated fluid 
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may be explained by a dilution of this enzyme, which is present in prostatic 
epithelium only in small amounts, by the greatly augmented amount of 
fluid secreted under the influence of pilocarpine. 

The values obtained for ascorbic acid clearly show that it is concentrated 
by the seminal vesicle (table 3). In the semen of dogs, a species in which 
the seminal vesicle is lacking, ascorbic acid was found in low concentration, 
whereas in the semen of guinea pigs and man considerablj’^ higher values 

TABLE 2 


Concentration of acid and alkaline phosphatases in resting and stimulated semen of dogs 

Units per 100 cc. 


NUMBER 

I RESnNO 

PJBOCABPJNE STIMUtATTON 

pH 5 

pHB 

pH 5 

pH 9 

223 

36.75 

71.25 

155 

4.5 

856 

27.75 

16.5 

63.75 

1.5 

250 

6 

18 

55.5 

9 

313 

26.25 

28.5 

57.5 

0.75 

224 

56.25 

27.0 

126.75 

2.25 


TABLE 3 

Concentration of ascorbic acid in secretions of the male genital tract 

Mgm. per 100 cc. 



GUINEA PIG 

1 DOG 

MAN 


1 

Eiaou- 

lato 

j 

1 

Semi- 

nal 

vesicle 

fluid 

1 

i 

Pro- 1 
static 
fluid j 

Pro- 

static 

fluid 

1 

Ejacu- 

late 

Semi- 

nal 

vesicle 

fluid 

Mixed 

seminal 

vesicle 

and 

pro- 

static 

fluid 

Pro- 

Btatio 

fluid 

Sper- 

mato- 

cele 

fluid 

MnaTi 

8.228 

8.615 

1.547 

0.756i 

0.522 

12.788 

4,665 

2.359 

0.542 

' 0.967 

Standard devia- 
tion 

0.707 

0.790 

0.308 

j 

0.076 

0.039 

0.828 

0.847 

0.345 

0.013 

0.185 

Number of de- 
terminations. . 

31 

1 

20 

22 

78 

49 

9 

1 

1 

9 

i 

11 

19 

10 


were obtained than was found for the plasma or whole blood of these species 
or the prostatic fluid of the dog. The data show that in man higher 
values of vitamin C obtain in the stimulated ejaculate than in resting fluid 
of the seminal vesicle, and still liigher values than in resting prostatic 
secretion. Mixtures of prostatic and seminal vesicle secretions were in- 
termediate in amount between seminal vesicle and prostatic fluids. Since 
acid-phosphatase is actively secreted bj’- the stimulated prostate gland, it is 
reasonable to assume that stimulation of the seminal vesicle causes concen- 
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tration of ascorbic acid through active secretion of this weak acid by the 
epithelium of this structure. 

In the guinea pig the concentration of ascorbic acid in semen obtained 
by electrical shock is slightly lower than that in the resting seminal vesicle 
fluid. Quantitative comparison of the weight of fluid found in the seminal 
vesicles and prostate of the guinea pig with the weight of ejaculate ob- 
tained from electrical shock, showed agreement in the weight of fluid 
obtained and indicated that electrical ejaculation consists chiefly of empty- 
ing of pre-formed contents of the glands rather than an active secretion. 
As further e\ddence, the concentration of ascorbic acid in semen follondng 
electrical ejaculation is onlj’’ slightly lower than that in the seminal vesicle 
contents, a fact explainable b^^ admixture of prostatic fluid. As in man, 
the ascorbic acid content of seminal vesicle fluid was higher than the 
prostatic fluid and is the principal source of the high concentration of 
this material in semen, 

Huggins and Johnson (1933) showed that human semen contains large 
amounts of glucose, the chief source of which is the seminal vesicle. Since 
ascorbic acid has a similar 6-carbon carbohydrate structure, it appears that 
the seminal vesicle is well adapted for the secretion and concentration of 
these related molecular moieties. 

Kiese and Hastings (1938) found that inhibition of alkaline phosphatase 
by ascorbic acid was slight and detectable only in concentrations above 
0,01 M; and IHng and Delory (1936) concluded that no appreciable in- 
fluence of ascorbic acid on phosphatase activity could be demonstrated. 

CONCLUSIONS 

Resting semen obtained without adventitious stimulation was compared 
vdth stimulated semen produced folloA^dng the intravenous injection of 
pilocarpine; resting semen was about 0.6 pH unit more alkaline, contained 
slightly less CO 2 , and considerabb'" less cliloride than stimulated semen. 

A reciprocal relationship was found in the concentrations of phosphatases 
of acid and alkaline pH optima in resting and stimulated semen. There 
was a decrease of alkaline phosphatase found in resting semen and an in- 
crease of acid phosphatase activity in the greatly augmented amount of 
fluid produced following pilocarpine stimulation. Inti’avenous injection 
of pilocarpine caused an active secretion by prostatic epithelium 

Ascorbic acid Avas greatly increased in human and guinea-pig ejaculates 
as compared to plasma. The increased ascorbic acid largely derived from 
the seminal vesicle, which is able to concentrate this substance. In the 
dog, an animal rvithout seminal vesicles, the ascorbic acid of semen was 
found at the plasma level. In guinea pigs ejaculation by electrical shock 
consists chiefly of the emptying of pre-formed fluids of the genital excretory 
tract rather than active secretion. 
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The seminal vesicle is the chief source of ascorbic acid in semen while 
the prostate gland contributes most of the acid phosphatase; the concen- 
tration increases during active secretion by these stiuctures. 
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There have been many careful studies of the oxygen and carbon dioxide 
exchange between the lungs and the circulatory sj’^stem. The literature 
reveals comparatively few quantitative measurements of the pulmonary 
gaseous exchange in the case of inert or inactive gases. In the present 
work radon^ was chosen as the inert gas for several reasons. First, it is 
easy to detect and measure quantitatively by virtue of its radio-activity. 
Second, the amount that is needed is so minute (a few hundredths of a 
micro-gram) that it would defy chemical detection and hence probably 
could not introduce any extraneous physiological effect. Third, it is not 
normally present in the body. Consequently we avoid the complication 
of having to take account of an mdefinite amount. Fourth, it is readily 
soluble in normal saline for injection into the blood stream. 

Procedure. The experiments were performed on dogs anesthetized 
with 25 mgm. of sodimn pentobarbital per kilogram of weight. A known 
amo\mt of radon dissolved in 9 cc. of normal saline was injected into the 
saphenous vein of the dog. The dog’s expired air was collected in four 
rubber bags. The collection began just as the injection was started. 
The time required to shift the collection from one ba^ to another was 
negligible (about one second to operate the valves). The amount of radon 
in each bag was determined by placing it at a kno^vn distance from a 
Geiger-Muller counter. The results were plotted and the fc computed. 
This brief outline of procedure vdll serve to correlate the following detailed 
description. 

A radon solution was prepared by crushing the little glass capillary tubes 
containing the gas under a measmed amount of normal saline, which was 
immediately drawn up into two sjuinges. One syringe containing 9 cc. 
was for injection and one containing 1 cc. was kept for a control, the pro- 
cedure requinng from 3 to 6 minutes. The more quickly this was done 
the less the radon loss. Ordinarily, there was a total of 20 milli-curies 
distributed in about one-half dozen tubes.® Most injections were made 

‘ Radium — > Radon — *■ RaA — > RaB — » RaC. RaC is the chief source of 7 -rays. 

* The radon was secured through the courtesy of the Steiner Clinic, Atlanta, 
Georgia. 
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into the wiphenotis vein. Bnt. pince there \vns the possibility that a more 
direct route to the lungs would make a ditTci-enre, a control experiment 
was perfomied in wliieh the injection was made into a vein of the front 
leg in tlie region of the axilla. The computed values of the elimination 
constant, /.*, for these two sites of injection agreed within experimental 
error. 

In order to avoid leak.s about the dogs mouth, a .sheet of thin rubber 
(dental darn) was wound around its nose and hold in i)lnco with rubber 
bands. Tiien the mask was carefully slipjred over the nose. Tlie mask 
had a doughnut-like .stnicUire that could be inflated which made a soft 
but tight binding around the dog’.s no.se. It wa.s then connected to a glass 


INITIALLY ONLY RADON - AMOUNT OF RADIUM C PRESENT AT TIME T 



HOURS 
Fig. 1 


tube with four side-arms, to each of wliieh was fastened one of the nibbcr 
bags (football bladders). The volume of the .system cxclu.sive of the bags 
is difficult to estimate, because it is liard to judge flic volume in the mask, 
Avhich appeared to be between 75 and 150 cc. However, except for that 
of the mask, the dead air space was less than 50 cc. The total possible 
volume of the bags was about 12 lilens, or approximately 3 liters per bag. 
On tlie average, the bags were blown up by the dogs to about 1400 cc. 
cacli. The collection time Tvns varied from 45 seconds to 3 minutes jicr 
bag, tlie total collection time varying from 3 to 12 minutes. 

Tlie Nchcr-Harpcr (3) circuit was used to control the Geigcr-Muller 
counter. The stabilized liigli voltage supply was patterned after that of 
Lifschutz (4). No scaling circuit was necessary, since for the quantities 
of radio-active material involved, the counting rates could be adjusted 
so as to remain within the resolution time of the mechanical counter bj’- 
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varj-ing the distance between the Geiger-Muller counter and the specimen. 
Since the T-ra^’- activity does not originate from the radon but from one of 
its disintegration products, radium C, it is necessary to Avait about 4 hours 
after the collection of the radon for the accumulation of the maximum 
amount of radium C. The graph in figure 1 depicts the growth and decay 
of radium C AA’hen initially only radon is present. It is seen that between 
the 3rd and 7th hours is the optimum time to measm’e the 7 -ray activity. 
It is during this interval that the 7 -raj'’ activity is a maximum and the 
change in actmty is a minimum. Any radio-active deposit (i.e., Ra Aj 
B, C) which might have been dissolved in the normal saline Avith the radon 
A\dll have decayed to a negfigible value by this time. 

Because of the random nature of the disintegrations, the probable error 
in any given count is the square root of the number counted. Therefore, 
it is necessary to count 2500 counts for a 2 per cent error and 1,111 counts, 
for a 3 per cent error. Hence, it is seen that the counting rate aatU de- 
termine the accuracy that it is feasible to obtain. The factor AAliich 
limits the counting rate is the mechanical recorder, not the electronic 
control devices. The resolution time of the Cenco counter is about 0.01 
second. The error introduced by the resolution time has been discussed 
b}’- Locker and WeatherAvax (5). It Avas found experimentally that; so 
long as the coimting rate Avas less than 140 per minute, this error AA^as less 
than 2 per cent. The distance of the specimen from the Geiger-Muller 
counter AA'as adjusted so that the counting rate was about 120 per minute. 
Then, by use of the inverse square law, these various rates Avere reduced 
to a common basis at the 170 cm. distance. The least distance was 125 
cm. and the greatest, 600 cm. 

Calculation: The computations on the data' of dog 5 , May 1 st, will 
illustrate the method. 


SPECIMEN 

f ' . , 

COUNTS PER MIN, AT 

170 CM. 

LOOc dQ/dt 

TOTAL COtTNTS 

1 

234 

5.45 

234 

2 

. 99 

4.59 

333 

3 ; 

06 

4.02 

389 

4 

28.5 

3.34 

417.5 


Collection time 1 minute for each bag. 


On the assumption that these data folloAV a single term exponential, aa'c 
haA'e the folloAving relationships; 


Q = Qo(l - 
dQ/dt = 


( 1 ) 

( 2 ) 
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Q is the quantity collected during the time, i. Qq is the initial quantity 
present, c is the logaritlim base, k is the elimination constant. If 
the collection time for Qb is twice that for Qa, then it can be shown that: 

k = 1/tb loge Q!/(Qa - Qb)^ (3) 

Using la = 2 minutes and U = 4 minutes, we get; 

h = 1/4 log* 3337(333 - 417)" = 0.69 

However, the elimination constant, k, can be found in another way. The 
second equation shows that if the exponential law holds, then the graph 
of log dQ/di versus the time, t, should be a straight line whose slope is 
k. The graph of these data is shown in figure 2. The slope of this line is 
seen to be 0.69 also. This excellent agreement is partlj’^ fortuitous, since 
there is some leewaj'- in drawing the straight line. It is believed that the 
value of k obtained from the gi’aph is better than the value obtained from 
the individual Q’s since the line gives a weighted mean. The accurac}'’ 
mth which the points lie along a straight line indicates how well the ex- 
ponential law applies to the data. The best and the worst graphs are 
shown in figure 3. The values of k computed from the graphs of the data 
obtained imder various experimental conditions are sho^vn in table 1. 
The time requh'ed for one-half of the gas to be eliminated is given by; 

ti /2 = 1/k log* 2 (4) 

These half value times are also tabulated. The initial amount of gas 
Qo can be computed from the equation; 

Qo = Q!/(2Qa - Qb) (5) 

It vnll be recalled that at the time the radon tubes were broken under 
normal saline, two S 3 winges were used, 9 cc. for injection and 1 cc. for 
control. The total amount of radon injected could be found by multi- 
plying the counting rate of the 1 cc. amount b 3 ’’ 9. This quantity is 
designated Qo- The discrepancj'' between Qo and Qo as revealed in table 1 
null be ex'plained later. 

First, an effort was made to find out how well the data could be repro- 
duced. Dog 2 was measured on three successive weeks and it is seen that 
the results vary by less than 3 per cent. Dog 3 was imique in that it had 
the lowest k of any measmed, and the half value time was almost three 
times the others. We were unable to follow this up because the dog died 
the following day. The measurements on dog 5 were extended over a 
period of a month and under var 3 Tng experimental conditions in an effort 
to find out what factors would influence k. The four sets of data are all 
plotted on a composite graph (fig. 4). The first data were obtained with 
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the normal procedure. In the second instance the dog’s cardiac rate was 
slowed 63 per cent by the injection of 0.3 cc. of Veratone. In the third 
instance the radon was rapidly injected into a vein of the front leg instead 
of the hind leg as previously. In the fourth instance, the dog was sub- 
jected to a severe surgical operation. The experiment was performed 
immediately after the incision was closed. The cardiac output was un- 
doubtedly affected by this operation (6), yet the results are the same within 



MINUTES MINUTES 


Figs. 2-4 

experimental error. This was a distinct surprise, since it was originally 
thought that the elimination of the gas would be dependent on the rate of 
circulation of the blood through the lungs. This indicates that even under 
adverse circumstances, the circulation in the lungs is more than adequate 
and that the elimination is limited by other factors. In obtaining the 
first data, dog 6 was under normal conditions for control. He was then 
subjected to a pneumothorax, in which 280 cc. of air were pumped into the 
pleural carity, and the radon solution was injected immediately. Despite 
the pneumothorax, the total volume of air breathed during the 4 minutes 
was 5020 cc. In the previous experiment this dog exhaled a total of 
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4950 cc. Although the volume measurements are only reliable to within 
50 cc., it is seen that the pneumothorax was essentially compensated by 
more labored breathing. Practically no variation is seen in the value of 
k obtained under these different conditions. 

Finall}’-, carbon dioxide was administered to cause hj’-per-ventilation. 
The volume of air was increased so drasticall}’- that the collection time had 
to be reduced from 1 minute to 45 seconds per bag. In 3 minutes 11,800 
cc. were collected, which is to be compared with 3,650 cc. collected in the 
3-minute interval previously. The administration of the carbon dioxide 
resulted in a 226 per cent increase in the volume breathed during the 
3-mmute inter^ml. Inspection of the table shows that this caused an 
increase of 60 per cent in k. 


TABLE 1 


DOG 

KO. 

1 DATE 

f ' 

1 

Q, 

" i 

min. 

CONVITIOK 

1 

12/ 7/39 

490 

285 

0.540 

1.29 

Normal 

2 

2/ 8/40 

828 

420 

0.696 

1.00 

Normal 

2 

2/14/40 

900 

427 

0.696 

1.00 

Normal 

2 

2/21/40 

. 927 

455 

0.680 

1.02 

Normal 

3 

3/ 6/40 

1260 

420 

0.240 

2.90 

Normal 

4 

3/20/40 

592 

346 

0.670 

1.04 

Normal 

5 

4/17/40 

600 

390 

0.680 

1.02 

Normal 

5 

5/ 1/40 

1 

447 

0.690 

1.01 

Heart slowed 63 per cent 

5 

5/ 8/40 

1035 

620 

0.660 

1.05 

Rapid front leg injection 

5 

5/15/40 


480 

0.660 

1.05 

Severe operation 

6 

5/22/40 

1070 

465 

0.570 

1.22 

! Normal 

6 

5/29/40 

540 

253 

0.575 

1.22 

Pneumothorax 

6 i 

6/ 5/40 

810 

760 

0.920 

0.75 

Hyper-ventilation 


It must be remembered that all of the discussion of our data so far has 
been on the assumption of a single exponential. This assumption is 
justifiably applied to our data only during the short time interval. The 
discrepancy between Qo and Qo is explained by assuming that only a 
portion of the original Qo remains in the active pulmonary circulation as 
Qo. The remainder goes either into regions of poor circulation or into 
tissue and hence has a much smaller k and therefore would not be measured 
in the short time intervals used in this experiment. 

The absorption and elimination of nitrogen has been studied by Shaw, 
Behnke, Messer, Thomson and Motley (1) and by Behnke, Thomson and 
Shaw (2). The elimination of nitrogen was determined by allowing the 
person or animal to breathe an atmosphere of pure oxygen in a closed 
circuit. Samples of the atmosphere were taken for analysis at different 
times. Even at the end of a run the oxygen concentration was never less 
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than 96 per cent. Therefore, it requhed extreme accuracy in the gas 
analysis to measure quantitatively the nitrogen eliminated. This work 
shows that nitrogen is eliminated in a way that can be described by a sum 
of exponential functions. 

Q = E.- Qo(l - 

where Q is the total amount collected during the time interval, i. iQo 
is the inital amount present in the i state (i.e., in water, fat, etc.). The 
ki is the Elimination- constant for the i state and determines the quantit3’’ 
eliminated; per unit -of time. 

There is a further complication in the case of elimination of a gas from 
the body through the lungs; (since the blood stream is the intermediary 
between tissues and lungs), it is necessar 3 '^ to consider the elimination con- 
stant k for the gas entering and the k for the gas leaving the blood. If the 
k for the gas leaving the blood is considerably larger than the k for that 
entering, then after the first initial gas present in the blood is eliminated, 
the remaining process will be limited by the smaller k of the entering gas. 
We believe that our ejqjerimental work gives a direct measure of the k 
for the gas leaving , the blood stream. On the other hand, the work of 
Shaw et al. (1) and' Behnke et al. (2) on nitrogen elimination establishes 
the entering k. Since, according to the information on solubility in these 
references, there are onl 3 ^ about 30 cc. of nitrogen in the blood at atmos- 
pheric pressure, and the quantity eliminated during the fii'st 5 or 10 minutes 
was not collected, the k for this amount was not detected. Behnke’s (2) 
short time values for k for nitrogen range from 0.0785 to 0.099. Our values 
of k for radon are about six times as high as these values. It is not strictly 
proper to compare data obtained on dogs and data obtained on man. 
But, in view of the essential agreement between the data on dogs and 
patients in the two references cited, tliis difference of six-fold in k appears 
to be real. In fact, we beheve that it solves the paradox encountered by 
Shaw et al. (1) which forced them to conclude that a gas can exist in vivo 
in a peculiar state of super-saturation not encountered in vitro. For, if 
we assume that our k of about 0.66 is the one applicable to a gas leaving 
and the value of 0.089 for a gas entering the blood stream from the fluids 
in the tissues, we have a situation closefy analogous to a radio-active 
disintegration series, provided Ave assume that onb'^ the one entering k is 
significant. This means that we are ignoring the k of 0.0085, AA'hich 
Behnke (2) attributes to the gas in the fat. This is allowable over a short 
interval of time but, for e.xample, it is over a short interval of time that 
the prolilem of too much gas in the bod 3 ’^ during decompression is acute. 
The mathematics involved are rather intricate and the boundary condi- 
tions will determine the t 3 ’'pe of solution obtained. Since wc do not haA'C 
adequate information about the boundary conditions, it is not profitable 
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to present a mathematical anal 3 >-sis. However, we can point out a certain 
generalization. In a series of different states characterized bj’- definite 
I' value periods, the shorter the h value period, the smaller the quantity- 
in. that state. Therefore, the gi'eater the k of the gas. in the blood stream 
in comparison to the k in the tissues, the smaller is.the amount of gas that 
will be in the blood at an}’- given instant. 

This may explain the findings of Behnke, Shaw, Messer, Thomson and 
Motle}'- (7), that the administration of pure oxygen instead of ah* tO:persons 
and dogs undergoing decompression gi-eatlj’^ improves their condition, 
because the high value of 7i: is obtained for a given gas onlj’- when the con- 
centration of that gas is zero in the inspired breath. Nitrogen is the chief 
source of the emboli, hence no iiitrogen should be inhaled.. 'Our work 
indicates that the administration .of:, small amounts of carbon dioxide to 
produce hj’per-ventilation should, be beneficial, since it increases the value 
of fc/ . ' ' ' 

CONCLUSION. ‘ ■ 

The elimination of radon directly from the blood stream b}-- way of the 
lungs has been sho^vn to obej’- an exponential law. The value of the elim.^- 
ination constant, k, has .been determined- under different conditions. This 
constant,. /c, -was not.- influenced bj'- variations of 1^ pulse rate;, 2, ' cardiac 
outp.ut, or b}’- 3,. pneumothorax. Hyper-ventilation caused .a drastic 
change in k. The. administration of carbon dioxide,, by, respiratory stimur 
lation, will speed up the process of pulmonarj’- elimination of gas from -.the 
blood and will tend to prevent the accumulation of e.xcess gas in the circur 
lator}’- sj^stem.from the tissues. Tliere.is no need' to postulate the;existence 
of a peculiai: state of supersaturation in vivo, as has been done: by j^haw 
efal, (1). ; , • ^ 
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Well-known experiments made with the rheoscopic nerve-muscle prep- 
aration reveal that the action currents of muscles can stimulate nerve 
fibers. It is less generally recognized that under certain conditions axons 
can be effectively stimulated by the activity of adjacent axons (Hering, 
1882). Hering worked with the nerves of winter frogs. In one version of 
his experiment he prepared the peroneal and tibial nerves for stimulation, 
and observed the muscles innervated by other branches of the sciatic 
'(fig. 1 a). For a few minutes after making a cut across the sciatic plexus, 
the deliveiy of a weak induction shock to the tibial and peroneal nerves 
was followed by a powerful contraction of the adductor muscles of the 
thigh. Hering made careful controls, which demonstrated that the motor 
axons of the adductor muscles were not excited by escape of the electrical 
stimulus applied to the primary (conditioning) axons, nor by spread of 
nlectrotonic changes. He was, therefore, led to believe that the impulses 
in the primary axons directly stimulated the secondaiy (tested) fibers. 

Hering emphasized that the following conditions contributed to the 
success of his expeiiment: 1, the preparations were very excitable; 2, the 
two groups of fibers, conditioning and tested, converged and came to lie 
in intimate topographical association; 3, the common bundle containing 
the two groups of axons was freshly cut across. VTien these conditions 
are fulfilled, it is not difficult to perform a modification of Hering’s experi- 
ment vnth frog nerves and to confirm his results (cf. also von Uexkiill 
(1894) and Kwassow and Naumenko (1936)). Recently, several 
papers have reported the stimulation of hyperexcitable invertebrate 
axons by the actmty of adjacent fibem (Jasper and Momiier, 1938; Katz 
and Schmitt, 1940; Arvanitaki, 1940a, b, c). In addition it has been shown 
that subthreshold alterations in the excitability of tested axons can be 
detected in experiments in which propagated secondaiy impulses are not 
initiated by impulses in neighboring conditioning axons (Otani, 1937 ; Katz 
and Schmitt; Blair and Erlanger, 1940).^ 

* Since the present paper was sent for publication, two additional papers on 
cross excitation between mcdullatcd axons have appeared (Feng and Li, Proc. 
Soc. Exper. Biol, and Med. 46 : 870, 1910; Rosenbluoth, This Journal 132: 119, 1941). 
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The intraspinal ascending branches of the afferent neurons of the mam- 
malian spinal cord offer a preparation in which the conditions necessaiy 
for an experiment analogous to that of Hei’ing are easily'- attained (fig. 1 b), 
since the ascending branches of adjacent dorsal root fibers lie in the same 
portion of the dorsal column. If one of two adjacent dorsal roots be 
stimulated and a fresh transection be made of the dorsal column cephalad 
to the root level, impulses passing up the column in the axons belonging 
to the stimulated root will excite in the column the axons belonging to the 
other root, and the impulses so set up may be recorded as a centrifugal 
voile}'' in the latter. The central latency for the centrifugal impulses is 
so brief that the stimulation of the secondary axons can be effected only 
by jDrocesses contemporaneous with the spike potential in the primary 
axons. 

Barron (1940) suggests that direct stimulation of the intraspinal branches 
of dorsal root fibers by impulses in adjacent axons ma}’- account for the 
centrifugal impulses of brief central latency which were observed in the 
dorsal roots by IMatthews and himself (1935). In our experience, second- 
ary impulses of very brief central latency have been observed only after 
section of the dorsal column. 

Methods. The experiments were made on cats under Dial narcosis 
(Ciba, 0.6 cc./kgm.). In each experiment a laminectomy was performed 
and the dura opened. Usually two groups of lumbo-sacral dorsal rootlets 
were cut intradurally and prepared for stimulating (primary or con- 
ditioning group, C, fig. 1 h), and recording (secondary or tested group, T). 
In several experiments in which all dorsal roots were left intact, the sciatic 
nerve was stimulated just above the knee and records were taken from the 
sural nerve in the popliteal space. In some cases the reflex discharges 
evoked in the ventral roots by stimulation of the conditioning dorsal 
rootlets were examined. Action currents of the dorsal column axons 
were recorded, and these axons were also directly stimulated, through 
small Ag-AgCl electrodes placed upon the dorsum of the cord (gi and g 2 , 
fig. 1 6). The preparations were covered with paraffin oil to a depth of 
about one centimeter, in order to help maintain the cord and its roots in 
good condition for long periods of time. The customary differential am- 
plifier and stimulating apparatus were used. 

Results. Stimulation of a group of dorsal rootlets (C, fig. 1 h) with a 
single shock maximal for alpha fibers produced in adjacent rootlets, T, 
the dorsal root reflex (fig. 2 a). As Toennies (1938) and Hursh (1940) 
have shovm, the central latency for this discharge varies between 2.1 and 
3.5 msec., depending upon the temperature of the preparation. There has 
been no indication that centrifugal impulses emerged from uninjured 
cords after shorter latencies. After section of the dorsal column cephalad 
to the point of entry of the conditioning and tested dorsal root fibers. 
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however, a striking change appeared in the oscillograms. A conspicuous 
deflection, considerably preceding that caused by the dorsal root reflex, 
occun’ed (fig. 2 b, c and d). Controls demonstrated that this deflection 
was due to impulses which were conducted centrifugally in the secondary 
fibers (fig. 3). The response was diphasic when led from two electrodes 
on the live tested fibers (fig. 3 a), and monophasic when the tested rootlets 
were crushed under the distal electrode (fig. 3 h). Further, the latency 
increased as the proximal lead was moved distally on the tested axons, and 
its size did not decrease rapidb'-, as would have occurred if the response were 
being led electrotonically from the cord. The possibility that the second- 
ary fibers were stimulated intracentrallj'^ bj'^ spread, either of the stimu- 
lating cmvent or of electrotonic changes in the conditioning axons, was 
tested and excluded by reversing the stimulating leads (fig. 3 c) ; the early 
centrifugal impulses were then still present and bore the same temporal 
relation to a small deflection (marked with arrow), which indicated the 
arrival of the conditioning volley at the cord. No significant current 
flowed from the stimulating transformer through the preparation to ground, 
for there was no response when one of the stimulating leads was discon- 
nected from the preparation (fig. 3 d). 

Additional experimental support exists for the contention that the early 
voile}’’ of centrifugal impulses is not dependent upon the proximity of the 
stimulating and recording electrodes to the cord or to the region of transec- 
tion of the ascending axons. 1. The early centrifugal volley has appeared 
when the level of transection was as much as 40 mm. cephalad to the level 
of root entry. Its latency was then greater than when the cord was cut 
nearer the level of root ent^ 3 ^ The increase in latency could be accounted 
for by the greater distances of conduction in the primaiy and secondary 
axons. 2. In four experiments the sciatic nerve was stimulated just above 
the knee and records were taken from the sural nerve, which contains only 
sensory fibers. "Wfiien the spinal cord was intact, only the impulses of the 
dorsal root reflex appeared in the sural nerve. After transection of the 
dorsal column at the level of the 6th or 7th lumbar segment, the electro- 
gi’am of the sural neiwe showed, in addition to the dorsal root reflex, an 
earlier deflection comparable to that of figure 2 c. It must be concluded 
that the tested axons were excited intracentrally as a result of the activity 
of adjacent conditioning axons. 

As is shown b}' the records of figure 2, the number of tested fibers e.x- 
cited by a given conditioning volley decreased progressively with the time 
that had elapsed after the transection of the dorsal column. With some 
favorable, cool preparations, such as that from which the records of figure 2 
are taken, the volley in the sccondar}” fibers initially amounted to as much 
a.c 25 millivolts and involved more than one-half of the alpha fibem of the 
tested rootlets; and centrifugal impulses could still be detected as much as 
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half an hour later. In Avarm animals, as would be expected, the restitution 
of the cut axons proceeded more rapidlj'’ and the response usually dis- 
appeared within a few minutes or even seconds after the transection. 
Thus, although the response did occur Avhen the dorsal columns ivere at 
temperatures normal for cats, it was more favorablj’^ examined in cooler 
preparations. 

The temporal relation between the arrival of the conditioning impulses 
at the region near the cut and the initiation of impulses in the adjacent 
tested axons is of interest. Figures 5 a and h reveal that a conditioning 
centripetal vollej* which entered the cord in the fibers of a gi’oup of dorsal 
rootlets produced a centrifugal vollej’ in adjacent rootlets after, but not 
before, transection of the dorsal column about 15 mm. cephalad to the 
level of root entry. Records d and e show the potential changes recorded 
between an electrode {g<y, fig- 1 V) on the dorsal column at the level of tran- 
section and a second electrode {g^ placed 2.5 mm. caudad to < 72 . Record 
d was made just befom transection of the dorsal column and record e about 
20 minutes later. Recoi'd c shows a volley initiated in the tested dorsal 
root fibers by a cathodal shock applied through electrode gi. The shock- 
re.sponse inteiwal included a short utilization time, estimated to have been 
about 0.1 msec., and the conduction time from the region caudad of the 
cut to the recording electrodes. Examination of the oscillograms u'ith 
reference to the simultaneous ordinates which have been drawn makes it 
clear that the tested fibers were excited at the time when the spike nega- 
tivity of the conditioning axons existed at the region caudad to the cut. 
The results of a number of experiments have established that the cen- 
trifugal discharge arrived at the recording electrodes onR’’ 0.1 to 0.3 msec, 
later than it Avould haA^e if the conditioning A^olley had traA'-elled in an 
uninterrupted fiber path from the stimulating cathode cephalad to the 
region of the cut and back to the recording electrodes. 

The fact that secondary axons AA'ere excited during the period of nega- 
tivity due to the spike potential of the conditioning impulses is likcAAnse 
demonstrated by an examination of the records of figure 4. The potential 
changes attributable to a conditioning Amlle}^ AA'ere recorded from the 
electrode gi on the dorsal column and an indifferent^’- placed electrode. 
Record a AV’as taken before section of the dorsal column. Record h AA’as ob- 
tained immediately after transection of the column about 2.5 mm. cephalad 
to gi , and record c about 20 minutes later. Records a and c sIioaa’ an initial 
deflection AA’hicli is referable to the afferent voile)'-; this is folloAA’ed by the 
first part of the negative cord potential (Gasser and Graham, 1933). In 
record 5 an arroAA’ marks an additional deflection Avhich must be interpreted 
as caused by impulses that Avere set up in secondary fibers by impulses of 
the conditioning volley. In confirmation of the conclusion derreed from 
the records of figure 5, the tested fibers Avere stimulated at approximately 
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the time that the negativity due to tlie primary impulses was maximal a 
few millimeters caudad to the cut. 

The negative cord potential is a sign of the acti\'ity of the spinal in- 
terneurons wliich are stimulated by a primarv afferent volley (Gasser and 
Graham, 1933). Therefore, the activity of poste^maptic elements in the 
cord cannot be responsible for the excitation of the tested a.xons, because 
the secondary impulses are set up before the beginning of the negative 
cord potential (figs. 4 and 5). 

Subthreshold changes in the e.xcitabilit.y of the tested axons could be 
detected even after the conditioning voile}' had ceased to initiate secondary 
impulses. These subliminal excitability changes were measured as follows: 
A cathodal shock applied through electrode gi (fig. 1 b) stimulated the as- 
cending branches of some of the donsal root fibers labelled T in figure 1 h. 


Fig. 1 a. Diagram of Bering’s e.xpcriment. The fibers of tlic peronco-tibial nerve 
(C) intermingle in the sciatic plexus with the axons that supply the adductor muscles 
of the thigh (T). For a short time after cutting across the sciatic plexus, stimulation 
of the peronco-tibial nerve at the knee initiated cont ractions of the adductor muscles. 
b. Diagram for the present experiments. The ascending branches (a) of adjacent 
dorsal rootlets (C, T) lie in close topographical association in the dorsal columns of 
the spinal cord. For a period of time after transection of the dorsal columns at < 7 -, 
a centrifugal volley, which entered the cord over the fibers of one group of donsal 
rootlets (C), served to initiate a volley of centrifugal impulses in the fibers of adjacent 
dorsal rootlets (T). .Activity in the dorsal columns was recorded via electrodes 
(ffu ffi) placed on the dorsum of the cord. jr. was located at the level of transection, 
g, about 2.5 mm. caudad of g;. 

Fig. 2. The stimulation of dorsal column axons by impulses in adjacent axons. 
Conditioning dorsal rootlets: first sacral (>Si) and cephalic two-thirds of the 7th 
lumbar (Lr). Tested rootlets: caudal one-third L?. Fecord a, before transection 
of the ipsilateral dorsal column 5 mm. ccphalad of Lj. Fecord b, 10 seconds after 
transection: c, 13 minutes; d, 22 minutes. The amplification for records a and b is 
indicated b}' the voltage calibration on the figure; record c, 5 X; record d, 25 X the 
amplification of b. The first arrow marks the escape of the conditioning shock; the 
second arrow indicates the onset of the dorsal root reflex discharge. Fectal tem- 
perature, 3G.C°, Time as indicated. 

Fig. 3. Same experiment as figure 2. The tested axons were alive under electrodes 
1 and 2, killed under S (fig. 1 b). Fecord a. the diphasic response recorded from elec- 
trodes 1 and 2. Fccord b, monophasic response recorded from 1 and .5. Fecord c, 
as b. but stimulating leads reversed .so that the cathode was in the distal rather than 
in the usual pro.ximal position. The arrow marks a .small deflection which is refer- 
able to the arrival of the conditioning volley at the cord. Fecord d, one stimulating 
lead disconnected from the preparation. Time as indic.ated. 

Fig. 4. Impulses in the conditioning and tested fibens, as recorded from the dorsal 
column. The records are from electrode gt (fig. 1 b) placed about 2.5 mm. caudad 
of the level of transection and an indifferent electrode. Stimulated (C) dorsal root- 
lets: cephalic one-half Lr. Fecord a was taken before the dorsal column was tran- 
sected; record b immediately after transection: record c, ai)ouf 20 minutes later. 
The deflection marked by the arrow in record b is due to impul.'^es initiated in second- 
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The impulses travelled caudally and emerged as a siibmaximal centrifugal 
volley in the fibers T. The changes in the size of this vollej'^, which were 
induced by a preceding conditioning volley ascending from rootlets (7, 
served as measures of the excitability changes of the tested axons. 

The observed excitability changes are in complete accord with the 
changes observed in frog nerves by Blair and Erlanger (1940). So long 
as the dorsal column remained intact and uninjured, the excitability of the 
tested axons was decreased during the period of spike negativity in the 
adjacent conditioning axons (fig. 7 a). Transection of the dorsal column 
produced a complete change in the excitability curves determined at regions 
close to the cut. The data of figures 7 b, c and d were obtained several 
minutes after the cut had been made — after the conditioning vollej’’ had 
ceased to initiate secondary impulses. The oscillogram and curve of 
figure 7 h were obtained vith gi at a pomt 2 mm. caudad to the cut. A 
large increase of the excitability of the tested axons occurred during the 
period of relative negativity which was produced by the conditioning 
impulses. Five millimeters caudad to the cut the increase of excitability 


ary axons by the impulses in the ascending branches of the conditioning L^ dorsal 
root fibers. This deflection and the activity it represented had largely disappeared 
several minutes later (record c). Negativity at gi is recorded as an upward deflec- 
tion. Rectal temperature, 36°. Time as indicated. 

Fig. 5. Conditioning dorsal roots: Si and cephalic two-thirds Li. Tested dorsal 
rootlets: caudal one-third L?. Records a, b, and c are from the tested dorsal rootlets 
{T, fig. 1 6). Records d and e are from the dorsal column (bipolar leads from gi at 
the level of the section and gi 2.5 mm. caudad to it) . The stimulus for records a, b, d 
and e was a shock applied to the C rootlets; for record c a cathodal shock was delivered 
to the dorsal column at electrode gi. Records a, c and d were obtained before tran- 
section of the dorsal column 15 mm. cephalad of L?; records b and e after the section 
had been made. Rectal temperature, 36,9°. Time as indicated. 

Fig. 6. Effect of dorsal column section on motor discharge. The 7th lumbar dorsal 
root was stimulated and records were taken from the corresponding ventral root 
axons. Record a before, and record 6 30 seconds after, a transection 15 mm. above 
Z/7. The transection involved little, if any, of the cord other than the dorsal column. 
Cool preparation. Time as indicated. 

Fig. 7. Subthreshold excitability changes induced in tested axons by a condition- 
ing volley in adjacent axons. The testing stimulus was a submaximal cathodal shock 
applied at gi (fig. 1 b). The tested response was recorded through the electrodes on 
one-half of the L? dorsal rootlets (T). The conditioning activity was a volley in the 
other L; dorsal root fibers (C). The oscillograms are records of the potential changes 
which were set up at gi by the conditioning volley in isolation. Ordin.ates of graphs: 

height of conditioned tested response . . . , . , • i „ 

; — X 100. Abscissae: interval at which the 

height of unconditioned tested response 

testing shock followed the conditioning stimulus, a, before transection of the 
dorsal column; gi was about 15 mm. cephalad of the 7th lumbar segment. Similar 
curves were obtained for other axial positions of gi- b, c and d, after transection of 
the dor.sal column .about IG mm. cephalad of the 7th lumbar segment. The distance 
of gi caudad of the cut is indicated on the figure for each curve. 
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was much less (fig. 7 c); and at 7 mm. (fig. 7 d) the excitabilit}'’ curve 
approached that which obtained before injur}". 

Thus the greatest increase in the excitability of the tested axons occurred 
1, at regions a short distance (2± mm.) caudad to the cut; and 2, at the time 
when the negati\dty due to the conditioning impulses was greatest at this 
locus. These findings are in accord mth the fact that, when the tested 
axons were effectively stimulated by the conditioning volley, the secondary 
impulses arose at approximately the time the conditioning volley produced 
the greatest relative negativity a short distance caudad to the transection 
(figs. 4 and 5). 

Figure 6 shows that reflex discharges, evoked in a lumbar ventral root 
by stimulation of a group of dorsal rootlets, were greatly augmented im- 
mediately after section of the ipsilateral dorsal column. A few minutes 
after the transection had been made, the reflex had reverted to approxi- 
mately its original size. These findings were not unexpected, because for 
a short Avhile after transection of the dorsal column the reflexogenic action 
of an afferent volley must be supplemented by the effects of impulses in 
secondarily excited afferent neurons. Thus the direct excitation of dorsal 
column axons by impulses in adjacent axons is one of the factors responsible 
for the immediate increase in spinal reflexes which is induced by cord 
section (Sherrington and Sowton, 1915; Forbes, Cobb and Cattell, 1923). 
It is clear that additional factors must be involved when complete transec- 
tion of the cord induces an increase that persists for prolonged periods 
of time. 

Discussion. The present experiments with intraspinal mammalian 
axons confirm Hering’s (1882) original findings for frog nerves. The con- 
trols which have been made in both instances demonstrate that the ex- 
citation of the tested axons is not to be explained as an artefact caused by 
stimulus escape or by the spread of electrotonic changes from the stimu- 
lating electrodes to the tested axons (cf. the “paradoxical contraction” 
of duBois-Reymond, 1849). Hering pre.sumed that the tested axons were 
stimulated by the “negative A^ariation” of the primary axons. The present 
experiments proA"e the likelihood of this supposition, because they shoAv 
that secondary impulses arise approximately at the time the relative nega- 
tiAuty due to the conditioning impulses attains its maximal value near the 
transection (figs. 4 and 5). This point deserves emphasis because a dif- 
ferent result has been obtained in experiments Avith unmyehnated in- 
vertebrate axons (Jasper and Monnier, 1938; ArA^anitaki, 1940a, b, c). 

Subthreshold changes in the excitability of medullated frog axons are 
induced by impulses in adjacent fibers (Blair and Erlanger, 1940). Blair 
and Erlanger find that, near the region of a cut or an injury, the excitability 
of tested fibers is increased by the arriAml of conditioning impulses in ad- 
jacent axons. Figure 7 reA"eals that comparable changes occur in the 
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tested intraspinal axons. Bering’s experiments and the present results 
show that this increased excitability sometimes attains threshold, and 
impulses are initiated. 

The direct excitation of tested axons by the action currents of adjacent 
axons has been observed only after section of or injuiy to the common 
bundle of conditioning and tested axons. There are two apparent reasons 
why the proximity of a region of fresh injuiy might facilitate the stimu- 
lation of the tested axons. First, the external electric field which the 
conditioning impulses produce as thej'^ approach the region of the cut is 
altered, so that it may be a more effective stimulus (fig. 5 d and c). Second, 
the excitability of regions of the tested axons adjacent to the cut is tem- 
porarily increased after the production of the injuiy (Hering). 

Since under certain circumstances the action current of axons can effec- 
tively stimulate other, anatomically independent axons, it is ob\dous that 
a possible anatomical discontinuity at synapses offers no a priori reason 
for assuming that the action currents of pre-synaptic fibers and endings 
could not excite post-synaptic neurons. 

It seems likely that the excitability of neurons in the central nervous 
system may depend not onty upon the effects produced by the arrival of 
impulses at S3mapses, but also bj’’ the environmental changes produced by 
the activitj^ of neighboring neurons. As Grundfest (1940) has suggested, 
the excitability changes produced in axons b}’' the activity of adjacent 
axons are, therefore, of interest as examples of the effects that ma^' occur 
in the more complex s3''stems. 


SUMMARY 

The dorsal column of the spinal cord contains the ascending branches of 
sensoiy fibers which enter the cord over the ipsilateral dorsal roots. For a 
period of time after transection of the dorsal column, at a level cephalad to 
the entiy of a stimulated dorsal root, impulses in the ascending branches 
of the active fibers directly excite adjacent axons. The impulses in the 
secondary axons then travel antidromicalb'^ (caudalljO and emerge as a 
centrifugal discharge in dorsal root fibers adjacent to those which carried 
the centripetal volle^^ The secondary impulses are initiated by processes 
contemporaneous Avlth the arrival of primary impulses at the region caudad 
to the cut, and before post-sjmaptic spinal neurons become active. 

Subthreshold increases in the excitability of tested dorsal column axons 
arc produced br’' a primary volle^’^ which does not actualty initiate secondar}’’ 
impulses. The increase in excitability is greatest a few millimeter's caudad 
to a cut. At this locrrs the maximal excitability coincides with the time at 
wliich the conditioning impulses produce the gr'catcst relative negativity. 
Before section of the dor-sal column, the excitability of tested axons is 
decreased hy impulses conducted in adjacent axons. 
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Transection of the dorsal column produces an immediate increase in 
the size of the motor discharges that are evoked bj’- dorsal root volleys. 

REFERENCES 

Aevanitaki, a. C. R. Soc. Biol. 133: 39, 1940a. 

C. R. Soc. Biol. 133: 208 , 1940b. 

C. R. Soc. Biol. 133: 211, 1940c. 

Bahron, D. H. J. Neurophysiol. 3: 403, 1940. 

Barrox, D. H. and B. H. C. Matthews. J. Physiol. 86 : 73, 1935. 

Blair, E. A. and J. Erlanger. This Journal 131: 483, 1940. 

Dubois-Reymond, E. Untersuchungen iiber thierische Elektrizitat. G. Reimer, 
Berlin. Band II, Abt. 1, p. 545, 1849. 

Forbes, A., S. Cobb and H. C.4.ttell. This Journal 66: 30, 1923. 

Gasser, H. S. and H. T. Graham. This Journal 103: 303, 1933. 

Gehndpest, H, Ann. Rev. Physiol. 2: 213, 1940. 

Hering, E. Sitzungsber. k. Akad. Wissensch., Math-Naturwissensch. Cl., Wien, 
86: Abt. Ill, 237, 1882. 

Hhrsh, j. B. j. Neurophysiol. 3: 166, 1940. 

Jasper, H. H. and A. M. Monnier. J. Cell. Comp. Physiol. 11: 259, 1938. 

Katz, B. and O. H. Sch-mitt. J. Physiol. 97; 471, 1940. 

Kwassow, D. G. and a. I. Natoienko. Arch. f. d. ges. Physiol. 237 ; 576, 1936. 
Otani, T. Jap. J. M. Sc., Ill, Biophysics 4: 355, 1937. 

Sherrington, C. S. and S. C. M. Sowton. J. Physiol. 49; 331, 1915. 

Tobnnies, j. F. j. Neurophysiol. 1: 378, 1938. 

VON Uexkull, j. Ztschr. f. Biol. 30: 184, 1894. 



EFFECTS OF ADRENALIN AND ACETYLCHOLINE ON 
ISOLATED IRIS LIUSCLE, IN RELATION TO 
PUPILLARY REGULATION' 

JOHN W. BEAN and DAVID F. BOHR 
From the Department of Physiology, University of Michigan, Ann Arior 

Received for publication January 13, 1941 

In attempts to answer a number of questions relative to the pupillaiy 
changes which occur in animals exposed to oxygen at high barometric 
pressure, experiments were performed on isolated iris muscle. The present 
communication is a consideration of the effects of adrenalin and acetyl- 
choline, the administration of wlrich substances was incidental to the study 
of the action of oxygen at high pressmns on ms muscle. 

The iris tissue used was taken from recently killed ox, from dogs pre- 
viously anesthetized with morphine and urethane, and from rabbits killed- 
by postcephalic lilow by hand. The sphincter and radial muscles were 
studied separately and were mounted bj^ the suspension method in various 
phj'siological solutions. In most of these experiments Tyrode solution 
was emploj^ed but in a few, phosphate Tyrode (Garry, 1928) and Ringer’s 
solutions were used to check on the results obtained in T)Tode solution. 

Throughout each experiment the solution employed was maintained at 
a constant temperature of 37.5°C. ProAusion was also made for bubbling 
the bath at a uniform rate with oxj’^gen, nitrogen, or a mixture of these 
gases as might be desired. The gas used was previously saturated with 
water vapour to prevent undue change of salt concentration of the bath 
which otherwise might occur as a result of evaporation. Changes in tonus 
or contractions were recorded either photographicallj’^ by an isotonic op- 
tical lover, or on smoked paper by a very delicate mechanical lever. All 
of our tis.sue preparations proved so rugged in their reactions as to make the 
refinement of photographic recording quite superfluous; it was therefore 
dispensed with in our later experiments. Although in preliminary tests 
it was found that a light waxed silk thread was unaffected b}" the bath solu- 
tions or the ch(!micals used in our experiments and therefore should not 
introduce un.suspected artefacts, most of our tissue preparations were sus- 
pended by a veiy fine enamelled wire and thread so that the latter never 
came into contact with the bath solutions or the chemicals added thereto 
in the various procedures. 

' 1 hc=t“ ('Xpcriincnts wore .supported by a gr.ant from tl>e Rockefeller Fotiiidation 
to lUfbert Gesell for stiidies on respiration. 

lOG 
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Iris sphincter muscle. The iris sphincter was prepared by making 
an incision concentric iwth the pupillary margin so as to free a continuous 
ring of tissue about 3 mm. wide and suspending it in the bath. 

Adrenalin. Adrenalin added to the bath in various dosages as to give 
final concentrations of from 1 : 10,000,000 to 1 : 100,000 produced a decrease 
in tonus of the sphincter muscle as shown in figure 1. This sphincter 
relaxing action of adrenalin, which was found to occur in isolated iris of 
ox, dog and rabbit, is in accord with the experimental findings of Poos 
(1927) and constitutes further confirmatory evidence that the sphincter 
fibers of the iris are profoundlj’^ influenced bj’’ sjTOpatho-mimetic sub- 


ADRENALIN 

X 


IRIS 

SPHINCTER 

2HIN. 




Fig. 1. Part 1. Drop in tonus of ox iris sphincter muscle elicited by adrenalin (final 
concentration 1:1,000,000). Parts 2 and 3. Recovery. Seven minutes elapsed 
between the records shown. 

Part 4. The effect of acetylcholine (1:50,000) on ox iris sphincter muscle. 



Fig. 2. Exceptional contracting effect of adrenalin on iris sphincter (dog). In the 
first administration. A, (final concentration 1:2,500,000) the response was pre- 
dominantly one of relaxation; in a second similar administration, B, an initial relaxa- 
tion is followed by contraction. In subsequent administrations, C and D, the re- 
sponse is one of contraction only. The bar in A represents 2 minutes. 

stances liberated in vivo by the sympathetic nerve endings. There are, 
however, what ma}'- be ver}'- significant exceptions to this predominant 
relaxing effect of s 3 ^mpatho-mimetic substances on iris sphincter. This 
was observed in several experiments on isolated iris of the dog and cow, in 
which adrenalin administration, after eliciting a slight initial relaxation, 
caused a contraction as shown in figui'e 2. 

Acetylcholine. Acetjdcholine, as might be expected, elicited contractions 
in the isolated sphincter muscle preparations, as shown in figure 1 (part 4). 
However, in view of the fact that the iris sphincter muscle is capable of 
contracting 87 per cent of its relaxed length (Adler, 1933) and that the 
dose of acetylcholine administered was relativelj’^ strong (final concen- 
tration 1:40,000) the i-esponse of our relaxed muscle preparations to this 
parasympatho-mimetic substance was, i^nth the one exception shoivn in 
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figure 1, part 5, surprisingly small. Administrations of acetylcholine in 
amounts less than that necessary to give a final bath concentration of 
1:60,000 Avere almost invariably vuthout any apparent effect. Those 
preparations which had been kept in oxygenated Tju’ode at Ioav tempera- 
ture for 24 hours and Avhich should, therefore, haA^e had an increased 
sensitmty (Cannon and Rosenblueth, 1937) AA^ere likeAAase um-esponsh^e 
to acetylcholine except in large doses. The use of similarly large doses 
(final concentration 1 : 66,666) bj’- other inA'^estigators (Heath and Geiter, 
1939) to elicit a good contraction in this muscle, supports the contention 
that isolated iris sphincter is possessed of a Ioaa’^ sensitmty to this parasjun- 
patho-mimetic substance. Such Ioaa" sensitivity contrasted Avith the rela- 
twely high sensitiAuty of the Sphincter-^to inhibitoiy si’^mpatho-mimetic 
substance is strongly indicatwe that the major control of the sphincter 
muscle is A'^ested in its sjunpathetic inner Action. 


IRIS SPHINCTER 



2 MIN. 


Fig. 3. Inherent rhythmicity of ox iris sphincter. Two different preparations 

Spo7ita7ieous rlujlhmiciiy of iris sphincter imiscle. Spontaneous rhyth- 
mical contractions of such magnitude as to be easilj' recorded on smoked 
paper frequently occurred in our iris sphincter preparations. This rhjdh- 
micity, AA-ith feAA- exceptions, AA^as most prominent during those periods in 
Avhich the muscle AA-as in a relaxed or partially relaxed state — such as that 
obtaining during the ce.ssation of oxygen bubbling (fig. 3). Similar, though 
A'eiy much less prominent, spontaneous rhythmical contractions occurred 
in the preparations during short exposures to bubbling Avith nitrogen. The 
length of the spontaneous contraction waA’’es A'^aried but for the most part 
Avas of from four to one-half minutes’ duration from crest to crest. 

The pronounced inherent rhythmicity of the iris sphincter muscle is of 
more than passing interest in Adew of its importance as a A^ery probable 
contributor to the occurrence of pupillaiy play. The play of the pupil, 
frequently referred to as hippus, has been generally interpreted as having 
its site of origin within the central nervous .sj^stem; but the re.sults of our 
experiments suggest that under certain conditions it could as Avell be due 
to an interruption of those extrin.sic neive impulses Avhich nonnally exert 
a controlling influence OA'er the inherent rhythmicity of the muscle. In 
other Avords hippus may result from releasing the inherent muscular rhyth- 
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micity from its superimposed extiinsic nervous control, rather than from 
some peculiar nerve centre rhjdhmicity mediated to the iris bj’’ its nerve 
connections. 

Radial iris jiuscle. Isolation of the radial muscle was accomplished 
b 3 ’' first placing a fine, three tined metal hook through the iris at the pupil- 
lary margin and then carefull}’’ freeing a narrow sector bj'" two incisions 
carried peripherallj’’ from the pupillaiy margin through the his and sclera 
to the base of the iris. The preparation so isolated was suspended in the 
physiological solution from a A’’eiy light straiv lever bj’' thread and the three 
tined hook. The length of the metal hook made it unnecessar}’- to have 
any part of the tliread submerged in the fluid. 



ADRENALIN ' B C 

1 • 


I MIN. 


Fig. 4. A, B, C. Kymograph record. Part 1. Predominant decrease in tonus of 
radial muscle of ox iris as the result of adrenalin administration (final concentration 
1:1,000,000). Part 2. Tonus of the same preparation four minutes later. 

Parts 3 and 4. Rabbit iris radial muscle preparation. Parts. Contraction elicited 
by adrenalin (1:4,000,000). Part 4. Contraction of radial muscle elicited by acetyl- 
choline (1:1,000,000). Drum speed same as in part 1. 

Photographic record: Parts A, B and C. Effect of adrenalin on ox iris, and 
recovery. 


Adrenalin and radial muscle. The radial muscle preparations ivere much 
less responsive to experimental procedures than were the sphincter prep- 
arations. Adrenalin added to the bath of radial muscle of the rabbit iris, 
in amount sufficient to give a final concentration of from 1:5,000,000 to 
1:500,000 elicited a contraction of the muscle (fig. 4, part 3). The radial 
muscle of the dog Avas affected in similar manner. The response of the 
radial iris muscle of the ox to adrenalin, hoAA^ever, AA’-as almost inA'^ariably a 
relaxation as is shown in figure 4, parts 1 and 2, and A, B, C. This in- 
hibitory action of adrenalin on ox iris radial muscle AA^as not limited to an}'- 
one of the three physiological solutions employed as the bath. pH tests 
of the bath in seA’^eral experiments likeAAuse offered no clue as to the cause 
for tins unexpected relaxation. It AA'Ould appear then that the response of 
isolated radial iris muscle of different species to adrenalin administration 
maj’- not be identical. It is perhaps noteAvorthy that AA'hile the predomi- 
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nant effect of adrenalin on the radial muscle of the ox iris was relaxation, 
there occasionally was a double response, ^^z., a slight initial contraction 
followed by a marked relaxation, as may be seen on close examination of 
figure 4, part 1. 

The finding that adrenalin administration may cause a double response 
in isolated radial and sphincter muscle fibres of the iris suggests that the 
action of this sympatho-mimetic substance is perhaps not a fixed and 
invariable one. In search for a possible explanation of this double response 
one is reminded of the influence of the autonomic nerves on the stomach 
where the response to nerve stimulation is conditioned to some degree by 
the state of the tissue at the moment so that s^’^mpatho-mimetic substances 
which give inhibitoiy effects on contracted muscle may also elicit excitatory 
effects on the relaxed muscle (McSnnnej", 1931). The evidence that a 
similar relationship may obtain in the iris muscles, however, is bj’’ no means 
conclusive. 

The sensitivity of the isolated radial muscle of the iris to sympatho- 
mimetic substance is apparently much lower than is that of the sphincter 
muscle. This is of interest in connection Avith the problem of pupillaiy 
regulation, for in those eyes in w^hieh the sphincter and dilator muscles 
are affected oppositely hy adrenalin, viz., relaxation in sphincter and con- 
traction in radial muscle, this difference in sensitiAuty Avould indicate that 
alteration in pupillary size induced by sj’^mpatho-mimetic substance is 
accomplished for the most part by changes in the tonus of the sphincter 
fibres. So far as the S3'^mpathetic neiwous control of pupillaiy dilatation 
is concerned, the results of our m vitro experiments suggest that pupillary 
dilatation is accomplished bj'- a predominant relaxation of the sphincter 
muscle, and that AA’^hile such dilatation maj’^ be facilitated bj'' a concomitant 
actwe contraction of the radial muscle, this contraction is not essential 
to the dilatation. In fact pupillaiy dilatation maj’^ A’^erj'^ aa'cII occur cA’^cn 
though the radial tonus remains constant or is actuallj'^ decreased but to a 
lesser degree than is that of the sphincter; in this case a passh’^e stretching 
of the radial fibres might be of significance. 

Acetylcholine and radial fibres. Acetylcholine for most part AA’as found 
to liaA'e no effect on the radial muscle, but to this general finding there A\'cre 
some feAv exceptions such as that shoAvn in part 4 of figure 4, Avhere ad- 
ministration of this parasA'mpatho-mimctic substance caused a contraction. 

If the effects of acetylcholine on isolated preparations may be taken as 
aiiA' index of the parasj^mpathetic influence in vivo, it Avould appear from 
the results of our experiments on both radial and sphincter muscles of the 
iri-s that pupillarA' constriction arising from increased actiAuty of para- 
sympathetic endings {in vivo) is accomplished ly A'ariablc degrees of con- 
traction of the sphincter, Avithout a necessarib" concomitant actiA'C re- 
laxation of the radial fibres. In fact there is CA'idence (fig. 4) Avhich 
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indicates that under some conditions the parasympathetic supply, which is 
motor to the sphincter muscle, may also cause a distinct active contraction 
but of lesser degree in the radial muscle fibres. 

SUMMARY 

The inhibitory action of adrenalin on the isolated iris sphincter was con- 
firmed. There Avere, however, some exceptions to this predominant find- 
ing, e.g., sympatho-mimetic substances as adrenalin may occasionally 
cause a contraction of the sphincter, or a double response made up of an 
initial relaxation folloAved bj'’ contraction. 

"i^Hiile acetylcholine did elicit contraction in the isolated iris sphincter 
muscle, the sensitivity of this tissue to acet3dcholine judging from the 
magnitude of response was, with few exceptions, found to be low. This 
low sensitivity contrasted with the relatively high sensitivit}'- of the sphinc- 
ter to inhibitoiy sympatho-mimetic substances is suggestive that the major 
control of the spliincter muscle in vivo is vested in its sympathetic innerva- 
tion. 

Iris muscle was found to be possessed of an inherent spontaneous rhyth- 
micity which was most prominent during those periods in which the muscle 
was in a partiallj'- relaxed state. This inherent rhythmicity was stressed 
as a possible contributor to hippus which heretofore has been explained as 
of central origin. 

The predominant action of adrenalin on isolated iris radial muscle in 
the dog and rabbit was found to be one of contraction, whereas in the beef 
eye it most frequently was one of relaxation. The exceptions to the 
generally accepted action of sympatho-mimetic substances on the sphincter 
and radial iris fibres were found to be prominent enough to warrant ques- 
tioning Avhether there is not some fundamental process — perhaps in the 
neuromyal junction which determines just Avhich of the reactions, contrac- 
tion or relaxation, is to predominate. 

The sensitivity of the dilator muscle appears to be much lower than that 
of the sphincter to both sympatho-mimetic and parasympatho-mimetic 
substances. 

Evidence AA^as cited in support of the belief that in so far as sympatho- 
mimetic substances are concerned the pupillary size is regulated largely 
through the sphincter component. 
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Aside from the well known destructive processes which affect the enamel 
of the teeth, it is generallj’’ beheved that this tissue is unique in its lack of 
post-eruptive changes. Thus Chase (1931), in an extensive review of 
the controversy concerning the metabolism of the enamel, concludes that 
^The enamel is a lifeless, inert, mostty inorganic, substance.” This con- 
clusion was based on a critical consideration of the evidence available from 
numerous histological, chemical and physical studies of the enamel. 

During the last decade, the use of radioactive isotopes, vdth which 
minute mineral metabolism can be measured, has opened a new approach 
for stud5dng the metabolic changes of the dental hard tissues in the living 
organism. Chievitz and Heves}'- (1935), using rats as experimental 
animals, applied this method for the fii-st time to the stud}'’ of phosphorus 
exchange in the teeth. Similar studies have been reported by Manly and 
Bale (1939). However, in neither case Avas the enamel studied separately. 
In further work with the isotope Heves}’^, Holst and lU-ogh (1937) at- 
attempted to study the radiophosphorus metabolism of the enamel after 
separating it from the dentin bj’’ ignition, but their results were incon- 
clusive. Heves}^ and Armstrong (1940) reported that the exchange of 
radioactive phosphorus per gram of enamel was 6.7 to 10 per cent that of 
the dentin. Based on in Adtro tests, they concluded that the radiophos- 
phorus of the enamel Avas not acquhed from the salh'^a. Simultaneously, 
Volker and Sognnaes (1940), on the basis of an in vh'^o study, reported 
that the enamel of a cat fed radiophosphorus attained a higher concen- 
tration of radiophosphorus in the surface layer than in the remaining por- 
tion of the enamel and suggested that this higher surface actmt}'^ AV'as 
acquired from the salNa. During the past year our studies have been 
extended to a greater number of animals, and an attempt has been made to 
determine the radiophosphorus metabolism in A^arious parts of the enamel. 

' This work Avas supported in part by the Carnegie Corporation of New York and 
the Rockefeller Foundation. 
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Material and procedures. The metabolism of in the enamel 
has been studied in 8 cats, 5 dogs, and 1 monkey. Radioactive phosphorus 
was obtained from the Department of Physics of this University, through 
the courtesy of Dr. S. N. Van Voorhis. The isotope P“^^ has a half life 
of 14.5 daj’^s, and is prepared by bombarding red phosphorus vuth deutrons 
in the cyclotron. The nuclear reaction is as follows: 

The cats used in the first series of experiments were fully grown, weighing 
from 5.2 to 7.7 pounds. They received the radioactive isotope by stomach 
tube as a solution of Na 2 HP 04 containing approximately 10 mgm. of the 
solute with a P~®^ radioactivity varying from 400,000 to 3,000,000 counts 
per minute on the Geiger-Miiller scale-of-four counter. After 1 to 9 
days the animals were sacrificed and the jaws and teeth cleaned, dried at 
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Fig. 1 


110°C. in an oven, washed and separated. A device was constructed to 
permit us to grind off the surface layer of the enamel. This was ac- 
complished under binocular microscope with the aid of a diamond stone 
and the enamel grindings were collected in a glass tube (see fig. 1). The 
remaining enamel was separated from the dentin by powdering of the teeth 
followed by the centrifugation-flotation separation of Manlj’- and Hodge 
(1939), using a liquid of 2.80 density which assured us of enamel samples 
of high purity. The average weight of the enamel samples, obtained from 
the cats by these techniques, was 20 and 40 mgm. respectively for the 
surface layer and the remaining enamel. 

In the second series of experiments, 5 adult dogs, weighing from 24 to 
42 pounds were prepared for acute experiment xmder dial-urethane anes- 
thesia. Solutions of radiophosphorus, containing approximately 10 mgm. 
of Na2HP04 with a radiophosphorus activity of from 2.5 to 4 million 
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counts per minute, were introduced directly into an isolated part of the 
small intestine. Four hours later the animals were sacrificed and the 
various enamel samples prepared for an examination of then* radioactive 
phosphorus content. 

In dog 1 an attempt was made to stud 3 ’- the distribution of radiophos- 
phorus in the various density fractions of the enamel and dentin of the 
entire dentition. The separation of the enamel and dentin into the vaiious 
density fractions was accomplished bj’ a slight modification of the cen- 
trifugation-flotation procedure. With dogs 2 and 3 the procedure was 
essentiallj’’ the same as with the cats of the first series, the outer la 3 '^er of 
the enamel being removed b 3 ’’ grinding wdth diamond stone, and the re- 
maining enamel being separated from the dentin by the usual method. 

In the experiments on the last two animals in this series, dogs 4 and 5, 
special emphasis was placed on the effect of the contact of the enamel 
surface vdth salivaiy secretions containing the radioactive isotope. To 
accomplish this, the teeth of dog 4 were completely covered with specially 
fitted metal tra 3 ^s, fixed to the dried teeth b 3 ’- means of 1 la 3 mr of impression 
compound and 1 la 3 ’er of plaster. At the teraimation of the experimental 
period, the teeth were divided into two equal groups. The w'hole enamel 
from the first group of teeth was separated from the dentin by flotation 
and then further di^dded with the same technique into two fractions, one 
having a density gi'eater than, and the other less than 2.90. The enamel 
from the second group of teeth wms divided into three parts, the first two 
of which w'ere prepared b 3 '^ successive surface grindings. Special care w'as 
taken in obtaining these samples to prevent inclusion of tooth substance 
from the cervical region wFere the enamel is thin and the possibility of 
dentin contamination is gi'eatty increased. A device similar to that ap- 
plied to the dentin of dog 4 w'as used to cover the teeth on the left side of 
the mandible and maxilla of dog 5. The teeth on the right side remained 
uncovered and were in continuous contact with saliva, the secretion of 
which was increased b 3 ' electric stimulation of the chorda tympani nerve 
on the same side. Samples of surface enamel, remaining enamel, and 
crown and root dentin from the covered and uncovered side w’^ere compared 
for p-'’* content. Periodic determinations of the radiophosphorus content 
of the saliva were made and at the completion of the experiment the radio- 
acth'e phosphorus content of the stimulated and unstimulated submaxillary 
gland was determined. Since the dogs used in the second series of experi- 
ments w'ere fairty large, it was possible to obtain appreciable samples of the 
surface enamel, the average weight of the surface enamel samples being 
approximatel 3 ^ 75 mgm. 

To date, one 3 ’oung adult monke 3 ' has been successfully studied. Tins 
animal was given a .solution containing 10 mgm. of Na-HPOi and 750,000 
counts of radioactive phosphorus b 3 ' stomach tube. A week later the 
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animal was sacrificed and the enamel of the erupted teeth and 4 unerupted 
third molars prepared for examination. The roots of the unerupted third 
molars were incompletely formed. Although the cronms appeared to be 
fully outhned, the enamel seemed to be in the immature stage, probably 
positive bnefringent enamel, in contrast to the negative birefringent 
enamel of the mature erupted teeth. The enamel of the erupted 
and unerupted teeth was separated from the dentin bj' centrifugation- 
flotation technique and analyzed for radiophcsphorus activity. 

Two in vitro experiments were attempted. In the first of these, dog 
saliva was collected vdth the same technique as used in the experiment mth 
dog 5. Approximately 700 counts per minute of radiophosphorus were 
added to 10 cc. of the saliva sample. The artificial mixture was comparable 
to the composition of the saliva observed in vivo in dog 5, with respect to 
amount and radioacthdty. The mixture was allowed to come in contact 
mth the enamel surface of six freshty-extracted dog teeth for a comparable 
time (4 hrs.) at body temperature. Two such experiments were run 
parallel. At the termination of the experimental period, the teeth were 
thorough!}'- washed and cleaned and the surface enamel removed by grind- 
ing, and analyzed for content. 

Human teeth and saliva were utilized in the second in vitro experiment. 
The crovms of 10 freshly extracted, non-carious teeth were immersed in 
20 cc. of fresh saliva to which 15,000 counts per minute of radiophosphorus 
and a few drops of toluene had been added. Twelve hours later, the teeth 
were removed from the saliva, washed for 4 hours in continuously running 
water, and the surface enamel prepared for counting, as in the previous 
experiment. 

The tooth samples from all the experiments were dissolved in 2 cc. of 
6 N HCl and their radioactive isotope content determined by the Geiger- 
Miiller counter. l^Tlen samples with low radioactivity were counted, a 
backgi’ound count of distilled water was determined between each, or 
every second sample. 

Results. The radioactive phosphorus distribution in the entire denti- 
tion, and its component parts, has been studied in detail and will be re- 
ported elsewhere (Vollcer and Sognnaes, 1941). To indicate the relation- 
ship of the metabolism in the enamel, as compared to that of the whole 
teeth, it -ndll suffice to say that 1, the average weight of the entire dentition 
of the cats used in the first series was 2.2 grams, and approximately 0.02- 
0.05 per cent of the total dose administered could be found in the whole 
dentition. 2. The average weight of the entire dentition of the dogs used 
in the 2nd series was 30 grams and approximatety 0.07 to 0.12 per cent of 
the total dose administered could be found in the whole dentition. 3. The 
teeth of the monkey weighed 11.7 grams and contained 0.06 per cent of the 
total experimental dose. It should be noted that the enamel probably 
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represents 10 to 20 per cent by weight of the full calcified teeth, and that 
the total weight of the dogs' teeth was approximately 0.2 per cent of the 
body weight as compared with 0.06 per cent in the cats. 

In the cats, where only small enamel samples could be obtained, several 
samples counted less than twice the background and are of little significance 
in themselves. However, the ratio between the surface enamel and the 
remaining enamel, with respect to their radioactive phosphorus content, 
may be of considerable interest. The surface enamel in all the cats ex- 
amined showed a higher concentration than the remaining enamel 
being from 1 to 9 times as high. The average per cent of the total dose 
per gram of surface enamel was 12.3 X 10~®, as compared with 3.9 X 10 
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Fig. 2 

for the remaining enamel, or a ratio of 3.1 to 1. The results are shown in 
table 1. 

The distribution of the isotope in the various density fractions of the 
dental hard tissues of dog 1 is shown in figure 2. The concentration in the 
dentin is inversely proportional to the density, while the opposite seems to 
hold for the enamel. In the fraction with density 2.60 and 2.80, possibly 
the dento-enamel junction, there appears to be a concentration of the 
P"'-. 

Findings with dogs 2 and 3 substantiated our observation in the cats. 
The surface enamel of dog 3 contained twice as much, and in dog 2 five 
times as much radioactive phosphorus as the remaining enamel. 
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The radiophosphorus content of the enamel of dog 4, whose teeth were 
protected from salivaiy contact, may be seen in table 2. The distribution 
of the activity was the reverse of that found in the cat series and in dogs 
2 and 3, being lowest in the surface enamel and increasing as the dento- 
enamel junction was approached. In the whole enamel sample, which was 
separated iuto density fractions of gi-eater and less than 2.90, the greatest 
concentration of activity was found in the hghtest fraction of the enamel. 

Table 3 shows the relative distribution of radiophosphorus in the dental 
hard tissues of covered and uncovered teeth of dog 5. The radiophos- 
phorus content of the sahva and the sahvary glands is also shown. The 
p-sz content of the sm-face enamel of the teeth on the covered left side of 
the jaw is negligible, while the surface enamel from the uncovered right 
side is approximately 60 times higher in actmty. A comparison of the 

TABLE 1 


Radiophosphorus exchange in the enamel of cats' teeth 


EXPERIMENTAIi PERIOD 

PERCENTAGE OF TOTAL DOSE PER ORAM OF 

SURFACE E 

RATIO 

REMAIN. E 

Surface enamel 

Remaining enamel 


(Xir’) 

(Xf0-») 


3 

10.8 

1.2 

9.0:1 

6 

9.6 

1.4 

6.8:1 

4 

11.4 

2.2 

5.2:1 

2 

2.6 

2.2 

1.2:1 

9 

6.0 

2.6 

2.2:1 

1 

9.2 

2.8 

3.3:1 

6 

16.1 

6.3 

2.5:1 

2 

33.3 

12.5 

2.6:1 

Average 

12.3 

3.9 

3.1:1 


remammg enamel samples from the covered and uncovered teeth separated 
by the flotation, reveals no marked difference, being only slightly higher on 
the right side of the jaw. The radiophosphorus concentration of the density 
fractions between 2.60 and 2.80, probably the dento-enamel junction, is 
unexplainable higher in the teeth of the uncovered left side. The differ- 
ence between the coronal dentin and root dentin on the two sides of the jaw 
is negligible, giving a good check on the method. Of the submaxillary 
glands, the right gland, which was stimulated, was heavier than the left, 
unstimulated gland. In addition, the right gland showed a three times 
higher radioactivity per gram of tissue than the left gland. The rate of 
sahvary secretion of the isotope, which is included in table 2, shows almost 
a two-fold increase between the second, third and fourth hour. 

The results of the monkey experiment are seen in table 4. The radio- 
phosphorus content of the enamel and dentin of the unerupted teeth is 
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TABLE 2 

Radiophosphonis exchange in the enamel in absence of saliva 

(Dog 4) 



PER CENT TOTAL DOSE PER 
GRAM OF TISSUE 

j 

Surface enamel 

1st layer 

1.76 X 10-^ 

3.73 X 10-^ 

6.12 X 10-^ 

1.89 X 10--* 

7.62 X 10-' 

2nd layer 

Remaining enamel 

Whole enamel 

Density > 2.90 

Density < 2.90 



TABLE 3 


Radiophosphorus exchange in the teeth as influenced by saliva 

(Dog 5) 


TYPE OF SAilPLE 

PERCENTAGE OF 

Left jaws (covered) 

' TOTAI. DOSE 

Rights jarra 
(stimulated 
saliva) 

(Per gram X lO"*) 

Surface enamel 

(0.37) 

23.0 

Remaining enamel (density > 2.80) 

1.65 

2.95 

D. E. junction (?) (dens. 2.80-2.60) 

6.67 

2.19 

Crown dentin (density < 2.60) 

41.5 

42.8 

Root dentin 

54.9 

55.2 

Submaxillarj’- gland 

15.65 

1 

46.50 


(Per cc. X 10-<) 

Mixed saliva 


■■■ 

After 1 hour 

(Teeth covered) 


After 2 hours 

(Teeth covered) 


After 3 hours 

(Teeth covered) 

mmM 

After 4 hours 

(Teeth covered) 

44.90 


TABLE 4 


Radiophosphorus in erupted and uneruptcd monkey teeth 


CONDITION or TEETH j 

1 PER CENT P"»5 or TOTAD DOSE PER ORAM 

ENAMEL 

DENTIN 

Enamel 

Dentin 

Erupted 

0.7 X 10-* 
23.0 X 10-=' 

5.0 X 10-’ 
27.0 X 10-=* 

■■ 

Uneruptcd* 



• Developing third molars of same animal. 
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greath’’ in excess of the same tissues from the erupted teeth. The activity 
of the unerupted enamel is almost equal to that of the unerupted dentin, 
while in the fully erupted teeth the enamel has only one-seventh the ac- 
thdty of the dentin. 

That the comparative!}’' high radiophosphorus activit}* observed in the 
surface enamel was derived from the saliva, is further substantiated b}’- the 
in vitro experiments. The dog surface enamel in the first in vitro experi- 
ment showed an actmty of 99 counts per minute of radioactive phos- 
phorus per gram of surface enamel, as compared with 72 counts per minute 
observed in the comparable in vivo experiment with dog 5. In the second, 
or human in vitro experiment, the surface enamel had a higher relative 
radiophosphorus activity of 365 counts per minute per gram of tissue. 

Discussion. It is probable that in these experiments the radiophos- 
phorus foimd in the enamel and dentin of the adult teeth represents an 
exchange rather than a deposition of phosphorus in the dental hard tissues. 
Unfortunatety these are short term experiments and this hjqDothesis could 
not be tested experimentally. 

The finding of a consistently higher concentration of radiophosphorus 
in the surface enamel, than in the remaining enamel, is in keeping vdth our 
earlier report (1940). Two possible explanations may be offered for the 
wide discrepancies between the surface enamel to remaining enamel ratios 
of the individual animals. In the first place, the rate of salivary secretion 
of the isotope is probably an important factor in the metabolism of the 
surface enamel, and might vaiy considerably in the different animals. 
Secondly, the microscopic grinding of the tooth surface is not a quantita- 
tive procedure, and it is possible that in some cases a fraction of the re- 
maining layer of enamel, with a relatively lower content, was removed 
by grinding and included in the surface enamel sample. This would result 
in a decreased surface enamel to remaining enamel ratio. 

The failure to find appreciable quantities of radioactive phosphorus in 
the surface enamel of the covered teeth of dogs 4 and 5 is strong evidence 
that the comparatively high concentration of in the surface enamel is 
of salivary origin. Additional confirmation of this belief may be found in 
the enamel radiophosphorus absorption studies of Manly and Levy 
(1939), and Armstrong (1940), who have indicated that powdered enamel, 
may absorb inorganic phosphate from solution. 

The experiments with dog 1, where the teeth were exposed to the saliva, • 
indicate that the high density fraction of enamel under these conditions, 
has the greatest concentration of radiophosphorus. The amounts of 
P~^2 in the high density fraction are of the same magitude as that found in 
the surface enamel of dog 2 and dog 3. This suggests that the surface 
enamel fraction and the high density fraction enamel are almost identical. 
Fm’ther support for this belief can be found in the experiments with dog 4, 
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where the surface enamel from the covered teeth of one side of the jaw 
shows a concentration of radiophosphorus Avhich is almost identical with 
the enamel of the highest density fraction from the teeth of the remaining 
covered side. 

The comparatively large amount of in the unerupted enamel of the 
monkey dentition, indicates that although microscopically the calcifica- 
tion of the enamel is well advanced, the radiophosphorus metabolism still 
continues at an accelerated rate. It is probable that two processes, one of 
deposition of phosphorus, the other an exchange of phosphorus, are pro- 
ceeding simultaneously. This portion of the study has important bearing 
on the subject of tooth calcification, and is being extended. 

STBIMARY 

Following systemic administration of radioactive phosphorus, the dis- 
tribution of the isotope in the enamel of 8 cats, 5 dogs and 1 monkey has 
been studied. The radiophosphorus metabolism in enamel of fully erupted 
teeth is of a considerably smaller magnitude than that found in the dentin. 
The greatest concentration of in the enamel was observed in the surface 
layer. The results indicate that the enamel is subject to a mineral metab- 
olism, partly from within, ^da the pulp and dentin, and partly from -with- 
out by contact with the oral secretions. 
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When secretin is injected intravenously under conditions permitting 
observation of the pancreatic response, it is noted that there is a latent 
period of about two minutes, followed by a flow of pancreatic juice, which 
is at fii’st brisk and then tapers off in a space of time varymg with the 
amount of material given (1). The flow becomes increasingly slow and 
finally ceases. The gi’adual diminution of pancreatic response is clearly 
an index of disappearance of the hormone from the circulation. This 
may be due to any of the following factors; a, breakdown of the material 
by a secretin-destroying enzyme in the blood and tissues; 6, excretion 
toough the kidneys; c, storage or ingestion by certain cells. It is obvious 
that storage in the body is a question which can not be investigated. We 
have previously noted that urine concentrates so prepared that they should 
contain any secretin present are lacking in pancreas-stimulating activity, 
so that excretion of the material in the urine is unlikely. The question of 
secretin destruction by the blood and tissues has never been investigated, 
except for the established fact (2, 3) that it does not survive treatment with 
the secretions of the gastro-intestinal tract and therefore is ineffective 
when given orally. 

In the present communication w^e wdsh to report our investigation of the 
possibility that destruction takes place in the blood and the mechanism 
whereby such destruction might take place. 

Experimental. Anesthetized dogs were prepared in the usual manner. 
The secretin solution was made up to the strength necessary for 0.5 cc. 
to stimulate the pancreas to secrete 20 to 60 drops. The following studies 
were made. 

1. Effect of various hlood constituents and of time of incubation. Blood 
w^as withdi’awm from the animals and incubated with the secretin solution 
in the volume proportion of 9 to 1, i.e., 4.5 cc. of citrated whole blood, 
citrated plasma, serum, or a 50 per cent saline suspension of ivashed red 
cells and 0.5 cc. of secretin solution. Thus the injection of 5 cc. of the 
mixture contained the equivalent of the same amount of secretin as w^as 
present in the control injections of 0.5 cc. which were given periodically 
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during all experiments. The latter procedure was designed to control 
any spontaneous variations in the responsiveness of the animals. The 
incubation temperature was 37°C. In some experiments the plasma or 
serum was heated to 60°C. for half an hour, cooled, and then incubated 
^vith the secretin. 

2. Effect of temperature of incubation. A large quantitj’- of dog blood 
was -withdraum, permitted to clot, centrifuged, and the serum separated 
and incubated with a secretin solution in the same ratio used in the previous 
experiment at temperatures varying from 0°C. to 60°C. 

3. Effect of enzyme concentration. The secretin solution was incubated 
for a definite time at 37°C. with varying volumes of dog serum in ratios 
of 1:1 up to 1:40, and injections of these mixtm'es were made in the 
amount equivalent to the secretin content of the control injections. 

4. Effect of hydrogen ion concentration. By means of a Coleman pH 
electrometer samples of serum were brought to varying pH’s ranging from 

4 to 10. Samples of this adjusted serum were incubated with secretin 
solution for a definite time at 37°C., and injected. 

Results, Incubation of secretin with whole blood, serum or plasma 
resulted in a decrease in activity on the pancreas which varied mth the time 
of incubation. There was little or no secretin destruction after incubation 
with a suspension of washed corpuscles or with previously heated plasma 
and serum. The findings in detail are given in table 1. The effect of 
var 3 dng the temperature of incubation was evidenced by a relativel}’’ slight 
secretin-destroying acthdty at 0°C., which increased rapidlj" as the tempera- 
ture was increased and became maximal at 37°C., then fell off and com- 
pletely disappeared at 60°C. The data are listed in table 2. Varjdng 
the amount of serum with which the secretin was incubated showed that 
the extent of secretin inactivation depended upon the quantity of serum 
present. In table 3 the results of these experiments are detailed. The 
secrctin-destrojdng activity of serum was found to be profoundl}'' affected 
by the hydrogen ion concentration, and effective only in the range of pH 

5 to 8 (table 2). At a pH outside of this range there was no destruction of 
the secretin bj’’ serum: however, it was possible to maintain serum at a 
more acid or more alkaline reaction, then to readjust the pH to the phj^sio- 
logic normal, incubate with secretin, and obtain inactivation. 

Discussion. An examination of the data obtained reveals that dog’s 
blood contains a substance which inactivates secretin. This principle 
was detected in the whole blood, plasma, and serum. There was little 
inactivation bj' washed corpuscles (dogs 5 and 8) and such slight effect 
as was obtained was probabty due to insufficient washing. The inactivat- 
ing potency was entirely destro^'cd by heating to 60°C. for 30 minutes; 
at this temperature there were no observable phj'sical changes in the 
scrum. When the temperature of incubation was varied, it was noted 
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that body temperature was optimal, and the extent of secretin inactivation 
depended on the amount of secretin-destro3dng substance present. The 
potency was operative in a rather narrow pH range. The agent was 
inactivated, but not destroyed, outside of this pH range. All of these 
findings point to the existence of an enzjonic mechanism of secretin de- 

TABLE 1 


Showing ihe effect of dog’s blood and its constituents and of incubation time on secretin 


6 

z 

o 

o 

Q 

PROCEDURE 

RESULTS 

DOO NO. 

RESULTS 

1 

Incubation time, min. 

5 

10 

m 

40 




2 


60 

1 


180 




Control secretion, drops 

2S 

28 

31 

31 





43 

48 

45 

43 

43 




Secretin + whole blood, 

19 

15 

13 

6 





38 

36 

25 

m 

14 




drops 
















3 

Incubation time, min. 

9 

90 


180 

270 

300 


4 

15 

9 

45 

m 

120 

180 



Control secretion, drops 

43 

51 

51 

62 

63 

62 



20 

21 

19 

19 

20 

19 



Secretin + whole blood. 

35 

28 

13 

13 

3 

0 



21 

14 

14 

14 

13 

8 



drops 
















6 

Incubation time, min. 

15 

30 

45 


M 

210 

m 

1 

15 

30 

60 

180 


1 



Control secretion, drops 

20 

17 

19 

18 

18 

17 



28 

30 

20 

31 





Secretin + plasma, drops 

18 

13 

11 

9 

8 

4 

B 

1 

26 

19 

12 

14 


1 


10 

Incubation time, min. 

15 

45 

60 


120 


1080 

11 

15 

9 

45 

60 

120 

180 

240 


Control secretion, drops 

13 

16 

19 

18 

19 

14 

13 


19 

18 

17 

20 

20 

20 

20 


Secretin + serum, drops 

19 

11 

13 

9 

6 

1 

0 


16 

15 

14 

8 

7 

2 

0 


Secretin + heated serum, 






14 

8 






21 


18 

f • 

drops 
















5 

Incubation time, min. 

15 

45 


■ 

I 



8 

15 

45 

m 

R 

IBfl 

Bra 



Control secretion, drops 

54 

54 


■ 

■ 




21 

21 

22 

28 

24 

19 



Secretin + plasma, drops 

44 

m 


■ 

■ 




19 

17 

16 

12 

5 

■ 



Secretin + cells, drops 

51 



1 

■ 







28 


15 


9 

Incubation time, min. 

15 

9 

45 

60 

120 

210 


25 

1 

i 

120 

180 





Control secretion, drops 

21 

25 


20 

20 

20 

23 

- 

32 

33 

36 

30 





Secretin + plasma, drops 

18 

19 


11 

8 

4 

0 


24 

19 

13 

6 





Secretin + heated plasma. 




21 



22 



33 

31 

33 





drops 

















struction.. Until the enzyme has been demonstrated to be specific for a 
particular chemical group, it appears reasonable for convenience to call 
it secretinase. 

A knowledge of the structure of secretin must of necessity precede any 
explanation of the mode of action of secretinase. The nature and mode of 
action are at present obscure, but it definitely does not act by proteolysis. 
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All the evidence at hand points to the non-existence of any, proteol 3 dic 
actmty in untreated blood serum (4), and in this laboratory Doctor 
BeazeU failed to detect any protein split-products after a 24-hour incubation 
of blood serum with a casein substrate. Agren and Hammarsten (5) 
incubated their secretin preparation with amino-polypeptidase, and while 


TABLE 2 


Showing effect of temperature and pH of incubation 


TEMPEKATtrilE, DEGREES C. 


NO. 

PBOCEDURE 

0 

10 

12 

15 

23 

25 

30 j 

37 



60 

12 

Control secretion, drops 

45 




55 




■ 

B 

50 


Secretin + serum, drops 

36 

28 



22 


11 

S 

■ 

1 

52 

13 

Control secretion, drops 

39 




39 



49 




! 

Secretin + serum, drops 

27 



9 




2 

0 

12 

49 

14 

Control secretion, drops 

6 ; 




4 




■ 

■ 

5 


Secretin -}- serum, drops 

1 

4 : 

i 

J 


3 


0 

1 

0 

■ 

1 

4 

15 

1 

Control secretion, drops 

22 


1 

■ 

22 


! 


23 




Secretin -f serum, drops 

18 


10 

I 

5 

1 



0 

2 

9 

m 


Effect of pH 


Doa 

NO. 

PBOCCDT7BB 





pH 





4 

5 

G 1 

6.5 1 

1 

7 

7.5 

s 

9 

9 

10 

21 

Control secretion, drops 

50 


! 

! 

52 

fl 


B 


42 


Secretin + serum, drops 

46 

7 

3 ’ 

j 


1 

■ 


1 

38 

40 

22 

Control secretion, drops ' 

30 


30 i 


27 

19 

il 

■ 

B 

■ 

! 

Secretin -j- serum, drops 

33 

7 

5 

1 

1 

5 

m 

B 

i 

1 

23 

Control secretion, drops 

44 


B 



37 

26 

26 

B 

■ 


Secretin + serum, drops 

37 


■ 

25 

22 

24 

15 

25 

■ 

1 

24 

Control secretion, drops 

26 

35 




27 


26 




Secretin -f serum, drops 

13* 

34 

16 


7 

3 

7 

24 

14* 

1 



* Incubated with secretin for 90 minutes at designated pH, after which pH was 
readjusted to 7.5, mixture reincubated for I hour and then injected. 


thej' isolated free amino-acids in their h 3 ’^drolysate from this treatment, 
they reported its secretin potency to be unaltered. On the basis of the 
general properties of the crj'stalline secretin described by us (6) we have 
concluded that it is unlikely that the molecular complexity of secretin is 
of great magnitude. 
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In order to substantiate this evidence we have incubated secretin with 
pure crystalline pepsin and tiypsin^ and noted no difference in the degree of 
inactivation produced by unboiled and boiled enzymes (table 4). Such 
inactivation as took place in the case of trypsin is explicable on the basis. 


TABLE 3 

Showing effect of serum concentration 


DOG 

PROCEDtJKE 

SEnuM VOLX7ME RATIO 


' 

1:1 

2:1 

3:1 

4:1 

|5:l 

m 

ffl 

8:1 

9:1 

'l4:l 

■ 

M 

BS 

16 

Control secretion, drops 

10 

m 

10 

10 


10 









Secretin + serum, drops 

8 

■ 


1 


1 








17 

Control secretion, drops 

72 



70 




68 







Secretin + serum, drops 

60 

55 


47 


23 


10 






18 

Control secretion, drops 

27 


26 


28 


■ 

■ 







Secretin + serum, drops 

19 

14 

9 

4 

1 


1 

1 






19 

Control secretion, drops 



i 



36 



36 

36 

1 

36 

32 


Secretin + serum, drops 






22 

■1 


17 

13 


10 

2 

20 

Control secretion, drops 

26 


28 


28 




28 


28 



1 

Secretin + serum, drops 

18 


9 

12 

4 


■ 

■ 

4 

5 

1 




TABLE 4 

Action of crystalline trypsin and pepsin on secretin 
Incubation time, 4 hours 


DOG NO. 

PROCEDURE 

RESULTS 

24 

Control secretion, drops 

27 


Secretin + 0.7 mgm. trypsin at pH 8, drops 

15 

. 26 

Control secretion, drops 

27 


Secretin + 0.24 mgm. trypsin at pH 8, drops 

21 


Secretin + 0.25 mgm. boiled trypsin at pH 8, drops 

20 

27 

Control secretion, drops 

18 


Secretin + 0.5 mgm. pepsin at pH 3, drops 

19 


Secretin + 0.5 mgm. boiled pepsin at pH 3, drops 

15 


of the alkalinity of the solution. The fact that secretin is unaffected by 
proteases of such tremendous potency (checked in this laboratory by direct 
assay) provides conclusive e^ddence of its resistance to proteoljdic enzymes. 

' Obtained from the Plant Research Laboratory, Bloomfield, New Jersey. 


















































126 


H. GKBENGAKD, I. F. STEIN, JK., AND A. C. IVY 


Our findings also demonstrate that the ineffectiveness of oral administra- 
tion of secretin is not the result of its destruction by pepsin and trypsin 
in the gastro-intestinal tract. More probably the digestive secretions 
contain a secretinase similar or identical to that demonstrated by us in the 
blood. 

We have examined one other possibility which, though remote, merits 
consideration — ^namely, that secretin might combine with some serum 
protein and be rendered ineffective by such a combination, whether physical 
or chemical. Obidously, according to our findings, such combination could 
not occur when the serum had been previously heated to 60°, or when it 
had been acidified or alkalinized outside the pH range of 5 to 9. In order 
to rule out the existence of such a process, secretin was incubated with 
serum for 3 hours, and portions of this mixture were heated to 60°, acidified 
to a pH of 1, and alkalinized to a pH of 9, and then assayed for activity. 
The results of this experiment are listed in table 5. If the hypothecated 

TABLE 5 


Action of heal, acid, and alkali on sccreiin-serum mixture after S-hour incubation 

Dog 27 


IKJECnON 

BESrONSB 

CONTBOIi BESPON8B 


drops 

drops 

Secretin -f serum 

7 

24 

Same heated to 60° for 30 min 

6 

24 

Same acidified to pH 1 

6 

26 

Same alkalinized to pH 10 

2 

19 


combination had taken place, the treatment given should have 'liberated 
the secretin and the treated mixtures should have been as stimulating to 
the pancreas as were the control injections. The fact that treatment with 
acid 3 '-ielded no results is deemed particularly significant, since acid extrac- 
tion is the procedure used for liberation of secretin from the intestinal 
mucosa; and these findings definitely settle the existence of secretinase. 

Secretinase activity presents a complexity in its measurement. For 
example, in noting the effect of time of incubation, the enzymic inactivation 
of secretin takes a course which is at first gradual, later rapid, and finally 
gradual again. This circumstance is more apparent than real. We have 
pre\’iousty noted (1) that pancreatic response is related to secretin dosage 
according to an S-shaped curve. For this reason it is not possible to plot 
concentration-action curves or time-action curves for the enzyme. A 
unit of secretinase may be defined, for convenience, as that quantity which 
vill, in two hours’ time, reduce the potency'’ of two threshold doses of 
secretin to one threshold dose. The experiments cited above have shown 
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this to be roughly the. average amount present in 4.5 cc. of dog’s, blood 
plasma or serum. 

We have on several occasions attempted to determine the cause of 
variation in the responses of individual dogs to secretin. In certain re- 
fractory animals the reason is obvious in the form of outspoken pancreatic 
pathology; however, refractoriness has frequently been seen in animnls 
with apparently healthy glands. In the series studied during the present 
work, three dogs (1, 10, and 11) were refractory. Dog 1 was particularly 
so. The blood of these animals appeared to be more potent in destroying 
secretin. Hence it appears that refractoriness may be due in part to a 
greater concentration of hormone-destroying enz 3 ane in certain cases. 

SUMMARY AND CONCLUSIONS 

The incubation of secretin with dog’s whole blood, plasma or serum 
has been found to inactivate the secretin. The principle responsible for 
the inactivation is operative within a narrow range of hydrogen ion concen- 
tration, acts most rapidly at body temperature, and is heat-labile. The 
extent of action depends on the time of incubation and the amount of 
blood used. These findings demonstrate the presence in the circulation 
of an enz 3 ane which inactivates secretin and which for convenience will be 
called secretinase until it has been shown to be an enzyme specific for a 
certain chemical group. 
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Modern methods for the determination of circulating blood volume in 
man fall into t\vo classes: 1, methods which determine the total amount of 
circulating hemoglobin, from which value the total circulating blood 
volume may be calculated, and %vith the use of the hematocrit ratio the 
red cell and plasma volumes, and 2, methods which measure the circulating 
plasma volume, from which value the red cell and total blood volumes are 
calculated Mth the use of the hematocrit ratio. Of the methods belonging 
to the first class, the one most vddely used is that in wliich the total circu- 
lating hemoglobin is estimated by measuring the increase in the amount 
of carbon monoxide hemoglobin following the inhalation of a known 
amount of carbon monoxide. This method as developed by Haldane and 
Smith (1) had the disadvantage that rather high percentages (20 to 25 
per cent) of carbon monoxide hemoglobin were required for measurement 
by the methods then available; the necessarily large amounts of carbon 
monoxide inhaled made the blood volume values obtained by tliis method 
somewhat unreliable, for they introduced the questionable factors of 1, 
asphj'xia, and 2, the uptake of significant amounts of the gas by muscle 
hemoglobin and the body tissues in general. Of the methods belonging 
to the second class, that of measuring the dilution of a known amount of 
dye injected intravenously is the most wddely used. This method was 
introduced by Keith, Rowntree and Geraghty (2) and in recent years has 
been so refined by Gregersen and Gibson (3) and by Gibson and Evans 
(4) using the dye T1824 and by Sunderman and Austin (5) using the dye 
Congo rod that it has become the standard research and clinical method. 
Ihe chief disadvantages of this method arc 1, the measurements of the dye 

* In partial fulfillment of the requirements for the degree of Doctor of Philosophy. 

- Doctor Chambers designed and supervised the building of the electrical parts of 
the apparatus. 
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concentrations are complicated if either hemotysis or lipemia is present, and 
2, repeated determinations at short intervals may result in undesirable 
discoloration of the subject. In addition, the question of the loss of some 
of the dye to the Ijonph (e.g., in the liver) is still unsettled. 

In a series of papers reporting the results of a careful studj'' of the relative 
values of the different methods for blood volume determinations, Whipple 
and his associates (6, 7, 8) came to the conclusion that for accurate estima- 
tion of circulating blood volume it is necessary to make simultaneous 
measurements by both the carbon monoxide and dj^'e methods, for only 
the red cell volume can be measured accurately by the former, the plasma 
volume by the latter, method. For the total blood volume, the two values 
obtained independently but simultaneously should be added. 

In recent years the carbon monoxide method has been revived due to the 
development of gasometric and photometric methods which permit accu- 
rate measurements of small percentages of carbon monoxide hemoglobin. 
These techniques make it possible to determine total circulating hemo- 
globin after inhalation of relativelj'^ small amounts (100 ml. or less) of 
carbon monoxide, which small amounts minimize any errors resulting from 
partial asphyxia or from the uptake of the gas by the tissues and muscle 
hemoglobin. 

It is the purpose of this paper to present data on blood volumes obtained 
by a carbon monoxide method, the general procedure of which is essentially 
that of Chang and Harrop (9). The measurements of the percentage of 
carbon monoxide hemoglobin and of the hemoglobin concentration were 
made -with the use of a differential electric photometer, the outstanding 
advantage of which is that accurate determinations of low percentages 
(5 to 12 per cent) of carbon monoxide hemoglobin may be made on very 
small amounts (0.04 to 0.4 ml.) of whole blood, thus making it possible to 
do repeated determinations of blood volume (once or t-wice daily) on the 
same subject. Some comparisons have been made by simultaneous 
estimates by both carbon mpnoxj’de and dye and the two methods give 
values which do not differ greatly (10). 

Methods! Preparation and Measurement of Carbon Monoxide. The carbon 
monoxide was made by the action of concentrated sulphuric acid with sodium for- 
mate. After passage through a 16 per cent solution of sodium hydroxide the gas was 
stored under positive pressure over water (containing alkali) in a 10 liter bottle. 
After each renewal of the store the gas was analysed for its oxygen content by means 
of a Haldane gas analyser, and correction of the carbon monoxide percentage was 
made on the assumption that the only contaminating gas was air. 

The gas to be inhaled was collected under positive pressure over water in a 100 ml. 
burette (fig. 1) where it could be stored and measured. For its administration, the 
gas was forced into a Sanborn closed-circuit metabolism apparatus, following which 
1 to 2 liters of oxygen were passed into the Sanborn by way of the two upper sidearms 
(I and 3) of the burette, thus carrying along the carbon monoxide left in the connec- 
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tions. Additional oxygen. was added as needed, in quantities of about 500 ml. For 
short experiments (30 min. or less) the ordinary nose clips and mouth pieces were 
used. For longer experiments a small mask (Heidbrink type, Ohio Chemical Com- 
pany) with little additional dead space was preferred because of its greater comfort 
for the subject. 

The residual carbon monoxide in the lung-Sanborn system was estimated on the 
assumption that this system had a volume of 4 liters. This value must vary with 

different individuals and with the degree of emptying at 
the end of an experiment. On the basis of an actual 
analysis, wherein a sample of residual gas contained 0.12 
per cent of carbon monoxide and a sample of the blood 
contained 12.55 per cent carbon monoxide hemoglobin, 
the volume of carbon monoxide unabsorbed was only 5 
ml. if a lung-Sanborn volume of 4 liters was assumed. 
We have considered it sufficient to calculate the residual 
carbon monoxide as 0.01 X per cent COHb X 4 liters. 
In the experiments so far performed, it has varied be- 
tween 3 and 5 ml. An error of 1 ml. in the estimation of 
the unabsorbed carbon monoxide would cause an error 
of about 1 per cent in the blood volume determination. 

Colorimetric Estimation of Hemoglobin Concen- 
tration and of the Percentage Saturation of Blood 
until Carbon Monoxide. The presently accepted 
principles underlying the colorimetric deter- 
mination of the percentage concentration of 
carbon monoxide hemoglobin were developed 
originally by Vierdordt (11) and by Hiifner (12). 
The theory involved is discussed in the articles, 
among others, of Butterfield (13), Ray, Blair and 
Thomas (14) and Hartmann (15), 

The differential electric photometer was designed 
for the measurement of low concentrations (5 to 
Fig. 1. Burette for cent) of carbon monoxide hemoglobin, but 

measuring the volume of we have reason to believe (unpublished data on 
CO inhaled, i?; measur- dye concentrations in serum) that it is readily 
mg burette. R: water adaptable to colorimetric determinations of other 

Sk! ° T: thermomeTen substances. The system (fig. 2) consists of a high 
C and D: 3 way cockB. pressure mercury vapor lamp (General Electric 

AH4) so arranged that it throws two beams of 
light in opposite directions. To minimize the variations when the lamps arc 
changed and to confine the beams within the boundaries of the sensitive 
surfaces of the photocells, the light utilized is limited to that from the 
cojitcr of the vertical cylindrical arc. This is accomplished by a horizontal 
slit in the path of each beam about 2.5 cm. from the mercury arc itself. 
Each of the two beams, after pa.ssing through monochromatic filters, falls 
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on one of a pair of caesium oxide photocells, one placed at either end of a 
30 inch optical bench. The two photocells oppose each other in a differen- 
tial circuit, their net current being taken through one stage of amplification 
to an electric eye which is used as a null point indicator. The electric 



Fig. 2. Schematic diagram of the apparatus. C and A: “control” and “active” 
photocells, respectively. ID: adjustable iris diaphragm. D: a fixed diaphragm. 
CH: holder containing solution or gray glass. F: filters. 



Fig. 3. Diagram of the electrical circuit 


circuit is a modification of one presented by Shepard (16) and is shown 
in figure 3. 

The mechanical arrangement. It must be emphasized at the start that we believe 
the accuracy of our results depends largely upon the meticulous care with which the 
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machine was built.® The lamp, placed at the approximate center of an optical bench, 
is attached to an adjustable carrier which moves along a screw having an accuracy of 
0.0002 inch in 8.0 inches. With the use of the carrier and an extension of the optical 
bench, the working distance between photocells may be varied from 50 to 30 inches. 
So far, 40 and 30 inch distances have been utilized. The distance of the lamp from 
its midpoint position towards the "active” photocell (i.e., the photocell before which 
the test solutions are placed) is measured by means of a series of 3 cogged disks which 
permit readings to be made to O.QOOl inch. A.t either end of the optical bench, and 
connected to the case of the mercury lamp by bellows, is an aluminum box, blackened 
within, each of which contains a photocell (RCA 917 in one box, 919 in the other), 
two filter holders, and a part of the electrical equipment (see broken line, fig. 3, for 
distribution of the electrical parts between the two boxes). In addition, the box 
containing the “control” photocell (that on which the light intensity depends only 
on the position of the lamp) has an iris diaphragm so that the intensity of the light 
falling on the photocell may be adjusted; the box containing the “active” photocell 
has three holders for the solution cells and a holder for a standard gray glass. The 
holder for the standard glass is fixed behind, and therefore moves with, the center 



Fig. 4. Drawing of the apparatus looking down upon it. 1 and 3: boxes containing 
the electrical equipment. 3: CuS04 filters. Li and Ls.' Lever controls for filters 
and solution cells, respectively, C and A: “control” and “active” photocells, 
respectively. ID: adjustable iris diaphragm. D: fixed diaphragm. F: filter hold- 
ers. G: holder for gray glass. SC: holders for solution cells. LC: lamp case. B: 
bellows. AE: "aerial” — connection between photocells. /S: light shields. 

solution cell holder; the cell in this holder is filled only with the solution used to dilute 
the blood. The filler holders and the holders for the solution cells arc arranged to 
rotate on pivots, being controlled from the outside of the boxes by levers whose 
positions are accurately fixed bj' stops (fig. 4). 

Hhc filler comhinalions used were as follows; 1. For the green line (546 ro/x): 12 mm. 
thickness of 0.35 M CuSO* -k Wratten 62 4- Corning combination no. 5.1 -k an addi- 
tional 5 mm. didj'mium (Corning). 2. For the yellow lines (577 — 579 m;i): 12 mm. 
thickness of 0.35 M CuSOi -k Zeiss combination + 1 mm. Jena BG 7. 

Iheorctically the copper sulphate filters should be placed so that infra-red radia- 
tion is removed before reaching the solutions to be tested (there is some evidence 
that a change in temperature m.aj' disturb the proportion of carbon monoxide bound 
with hemoglobin). Practically in this po.sition the CuSO^ holders, unless absolutely 
optscally fiat .and rigidly fixed in position, may cause difiiculties through variable 
Ec.aitcritig of the light. 


* T he mechanical arrangement of the apparatus was designed and built by Carol 
ICclly. 
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It has been found necessary to use a A'^oltage stabilizer (Sola) in both the lamp and 
•amplifier circuits, but these may be unnecessary if the line voltage is steady. The 
case of each stabilizer, and of each aluminum box, must be thoi’oughly grounded. 

We have recently replaced the RCA 917 and 919 photocells by the new RCA 929 
photocells, which latter type appear to be superior to the former. They do not re- 
quire any changes in the electric circuit. Due to their low sensitivity to infra-red 
radiation, the CuS 04 filters may be unnecessary. 


Use of the apparatus. With the lamp halfway between photocells, and 
no standard glass or test solution in the path of the light falling upon the 
“active” photocell, the intensity of the light falling upon the “control” 
photocell may be adjusted by the mis diaphragm until the null point is 
reached as indicated bj’- the electric eye, i.e., the “net” current from the 
two photocells is zero. If now a standard glass or a test solution is placed 
before the “active” photocell, the current balance between the photocells 
is disturbed. To bring this “net” current back to zero, the lamp is moved 
nearer to the “active” photocell, until the electric eye again indicates the 
null point. 

For calculation of the extinction coefficient (E) of the standard glass or 
of the test solution, use is made of the inverse square law of light intensity. 
If I and. Ic represent the intensities of the light incident on the two photo- 
cells (see fig. 2), and the intensitj’- of the light incident on the standard 
glass; 

To “^^70 and Tc “ ^ o 


When balance is attained, I = Ic, so that I = k 



According to Lam- 


bert’s law the extinction coefficient (E) of a solution of a standard thickness 
(1 cm.) is proportional to the logarithm of the ratio of the intensity (To) 
of the incident light to the intensity (7) of the transmitted fight divided 
by the thickness (n) of the solution. That is 


77? 1 1 7o 1 1 di 

-log„T=-log..g| 

In practice, a graph is used to determine the value of logio logio 
do^. Then E can be calculated readily. 


Theoretically, such calculations hold only for a point source of light. Practically, 
the light source in the present instrument is a band; in addition there are errors from 
reflections of the beams from the filters, cells, etc., and errors from the use of varying 
areas of the sensitive surfaces of the photocells. 

In a simple system in the absence of any gray glass or solution the values of di and 
d 2 would be those of the distances from the lamp to the photocell (fig. 2). In the 
complicated arrangement necessitated by the filters, diaphragms, etc., their values 
are found to be less. The value of the "effective length” of the system may be calcu- 



134 


M. E. MAXFIELD, H. C. BAZETT AND C. C. CHAMBERS 


lated by determining the positions of balance when glasses (preferably two or more) 
of known optical density, or stable solutions of known molecular extinction coeffi- 
cients, are inserted between the lamp and the “active” photocell. This procedure is 
explained most readily by an example: 

Let A jD be the known optical density of a solution in a cell of thickness n and L 
the “effective length” of the system when the light is centered (i.e., in the absence of 
the absorbing solution or gray glass before the “active” photocell) and di = dj = L. 
If X is the distance from the center point to the position of the lamp after balance is 
attained with the solution in place 

AD = n2? = log:o^, 


and di = L -k X 
^2 — L — X 

from which L may be calculated. The value of L may differ at different positions 
of the lamp, but the values should not differ by more than 0.5 inch. 

The actual determination of L is most readily attained by the use of standard 
neutral (gray) glasses or solutions of copper sulphate as recommended by Drabkin 
and Austin (17) ; in the latter case readings should be more preferably in the yellow 
line. Once L is known, the accuracy with which the inverse square law is- followed 
may be tested by utilizing solutions of copper sulphate of different strengths. With 
solutions varying by 400 per cent read in a number of different cells the estimates of 
the molecular extinction coefficient showed a standard deviation of ± 0.4 per cent 
from the theoretical value. The discrepancies include those due to the glassware 
as well as those dependent on making the dilutions. 

Procedure. The simplest, and most accurate, method of using the apparatus is 
to determine the optical density of the unknown solution as so much more or less 
than that of a neutral (gray) glass, the optical density of which is known and is about 
that of the solution to be tested. The neutml glass is placed behind the center 
solution cell (containing the solvent used to dilute the blood), and with the lamp close 
to its theoretical position (for the optical density of the glass), the iris diaphragm is 
adjusted so that the electric eye indicates the null point. Two readings are then 
made for the gray glass with one for the solution between them. After correcting for 
zero errors on the basis of any error in the setting of the gray glass, the optical density 
of the solution is calculated from the setting of the lamp. For estimates of the 
change in the optical densities of blood due to carbon monoxide, the above procedure 
is used alternately for the control and experimental bloods, two or more readings 
being obtained for each. 

Deterioration of hemolysed blood is a source of error unless great care is taken in 
handling of the blood. When present it is usually accompanied by a definite and 
con.sistent change in the optical density of the solution which is not matched by a 
similar change in the other hemoglobin solution read at the same time. Where slight 
and approximately equal changes develop in both samples of blood during the period 
of moa.euremcnt thc.se changes are probably due to some effect (? thermal) on the 
system ns a whole. They create only minor errors in the determination of the differ- 
ences between the two bloods. 

Prrpriration of the bloods. In order to m.ako the determin.ations as accurate as 
po?-:il>k‘, great care is taken in the preparation of the blood samples. By means of a 

bulb pipette of fine bore (c.alihrated to contain 0.4 ml.) a sample of heparinized 
tthob' blood is transferred from a clean, flamed, paraffined watch glass to saline in a 
12 ml. centrifuge tube having a n.arrow calibrated neck. To minimize sedimentation 
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the blood is kept well agitated up to the taking of the sample. After centrifuging 
and removal of the supernatant saline, the cells are hemolyzed and diluted to the 
mark by 0.1 per cent Na 2 C 03 . The resulting dilution is about 1 in 30. After thor- 
ough mi.xing about 1.5 ml. is withdrawn to create an air-pocket below the neck of the 
centrifuge tube. As it is essential that reduced hemoglobin be absent, the solutions 
are thoroughly oxygenated, after wdiich they are spun to clear them of any debris. 

The cells in w^hich the solutions are read contain approximately 0.5 ml. of the 
solution, which has a thickness of about 1.0 mm.< 

Estimation of hemoglobin concentration. For the determination of the hemoglobin 
concentration the extinction {B) of the blood solution in the green mercury line 
(546 my) is used. In this line the absorptions of oxyhemoglobin and of carbon monox- 
ide hemoglobin are nearly identical (15, 18). The concentration “c” is calculated 
according to the Lambert-Beer law from the ratio of E to the specific extinction 
coefficient e. For a solution containing 1 gram of hemoglobin per 100 ml. in a thick- 
ness of 1 cm., 6 was found to have an apparent value of 8.34 for oxyhemoglobin (as 
determined by checking with a Van Slyke apparatus). Hartmann (15) used a value 
of 8.00 as given by Butterfield (13). Discrepancies are to be expected since the 
apparent value of this constant is affected by errors in the determination of the 
absolute thicknesses of the cells used as w'ell as by impurities in the light. We have 
assumed that Hartmann is correct in estimating the optical density of pure carbon 
monoxide hemoglobin as 4 per cent less than that of pure oxyhemoglobin, giving, 
under our conditions, a « value of 8.01 for carbon monoxide hemoglobin. Since the 
carbon monoxide hemoglobin saturation rarely exceeds 10 per cent any error in this 
assumption is unimportant in the determination of hemoglobin concentration. 

The consistency of the estimations of hemoglobin concentrations is demonstrated 
in the results obtained on a number of duplicate samples (table 1 A). The standard 
deviation of the duplicates from their means is ±0.34 per cent for the 30 inch bench. 
In addition there are several sets of quadruplicate estimations (table IB). As may 
be seen some duplicates give good checks wffiile a few are badly out. The most likely 
sources of trouble are errors in measuring the blood, particularly those created by 
air bubbles. It is to be emphasized that these deviations represent over-all errors, 
including pipette and dilution errors, sedimentation errors, reading errors, and 
personal errors as usually the samples w'ere prepared by two different individuals. 
On a series of repeated readings of the same hemolysed sample (frequently read in 
different solution cells) made wdth a 30 inch bench, the standard deviation from the 
mean is ± 0.14 per cent. The actual reading error of the photometer is about ± 0.025 
per cent. The main errors depend upon the handling of the blood samples and the 
cells that contain them. 

Estimation of carbon monoxide hemoglobin. The present method involves the 
determination of the increase of carbon monoxide hemoglobin in the blood following 
the administration of earbon monoxide. The percentage of carbon monoxide hemo- 
globin in a sample of blood (taken after inhalation of the gas) is found by determining 
the differerice in the value of its ratio ADms/ADsis (optical density for green line 
divided by that for the yellow) from the value of the corresponding ratio of the oxy- 


^The thickness of the cell used as the standard w'as determined either 1, by mer- 
cury, or 2, by using a solution of copper sulphate wdth a known extinction coefficient 
and from its optical density calculating the thickness. Since the volume used to fill 
the cell is so small, the blood drawm can be reduced to 0.04 ml. and diluted to 1.2 ml. 
if desired. Under such conditions there is some loss of accuracy and considerably 
increased difficulties in handling. , 
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hemoglobin control sample (taken before inhalation of the gas) read at the same time. 
The percentage of carbon monoxide hemoglobin which causes this difference in the 
ratios is read from a graph (fig. 5) which was made as follows : ■ 

A series of the theoretical values of the ratio esie/ esrs for mixtures of different oxj’’- 
hcmoglobin and carbon monoxide hemoglobin percentages was calculated from , the 
apparent e values in the green and yellow lines for both pure oxyhemoglobin and 
carbon monoxide hemoglobin at 24°C. These are; 

OjHb: 65.6 = 8.342, esTs = 8.995 

COHb: 65.6 = 8.008, 657 s = 5.889 . . .■■ ■' . 


TABLE 1 


A 

B 

HEMOGLOBIN CONCENTRATION 

deviation prom 

HEMOGLOBIN 

MEAN 1 

BTANDABD DEVI- 
ATIOS FROM 
mean of OROOP 

Sample 1 

Sample 2 

THE PAIR 

CONCENTRATION 

gms.llOO ml. 

gms./lOO ml. 

per cent 

gms./lOO ml. 

gms.llOQ ml. 

per cent 

14.69 

14.60 

±0.31 

1. 14.26 



15.28 

15.28 

±0.00 

14.26 

14.29 

±0.37 

16.06 

16.05 

±0.03 

14.27 



15.46 

15.32 

±0.46 

(14.37) 



15.14 

15.13 

±0.03 




16.19 

1 16.20 

±0.03 

2. 12.81 



15.38 

15.59 

±0.68 

12.86 



15.38 

15.22 

±0.52 

12.84 

12.84 

±0.16 

15.05 

15.17 

±0.40 

12.83 



14.84 

14.86 

±0.07 




14.72 

14.91 

±0.64 

3. 12.67 



13.97 

13.95 

±0.07 

12.78 

- 


13.82 

13.89 

±0.25 

12.76 

12.74 

±0.39 

15.09 

15.08 

±0.03 

12.76 



14.55 

14.51 

±0.14 




14.49 

14.40 

±0.31 ' 




14.43 

14.45 

±0.07 




14.28 

14.41 

±0.45 




14.46 

14.46 

±0.00 



, 

Standard deviation of duplicates 
from their moans: iO.34 per cent. 

i 




Thus in a mixture of 95 per cent O-Hb + 5 per cent COHb the speciffc extinction 6 is, 
in the green: 


8.3-12 X — + S.OOS X 


S.325 


and in the yellow (similarly determined) is 8.839. The ratio em/ait of this mixture 
is thus 0.9118. 1 hus in the above example the ratio of 100 per cent oxyhemoglobin is 
0.927-1 , and 0.01-1 1 represent.s the ch.angc in ratio caused by 5 per cent of carbon monox- 
ide hernogloDin. Figure 5 shov.-.s the changes in ratio produced by various saturations 
of hi-nioglobin with carbon monoxide. . 
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Others (15, 19), utilizing a similar method have found that the ratio ADus/aDsts 
for the control blood varied with the blood of different individuals, and also with 
different blood samples from the same individual taken at different times. Such 
variations have been interpreted as due to the presence of various amounts of residual 
carbon monoxide hemoglobin before inhalation of the carbon monoxide. Variations 
occur (table 2) but are often dependent on other factors. Very small differences in 
the arrangement of the apparatus, in the lamp filters used, or in the temperature at 
which the bloods are read can cause considerable variations in the estimate of this 
ratio. A single blood, read in duplicate, may give different ratios. These changes 
appear most commonly to be due to a slight change in the temperature. Conse- 


xio'^ • 



Fig.j5. Graph for estimating the percentage of carbon monoxide hemoglobin from 
the difference in ratios, at 24°C. Ordinate: AD 64 g/AD 678 of sample containing carbon 
monoxide hemoglobin— ADs^e/ADjva of control (oxyhemoglobin) sample. Abscissa: 
percentage of carbon monoxide hemoglobin. The ratios for pure OaHb and COHb, 
and consequently the graph, are slightly different for the RCA 929 photocells. 

quently in the present form of the apparatus it is not possible to measure with exact- 
ness (nearer than 0.5 to 1.0 per cent) small initial concentrations of carbon monoxide 
hemoglobin in the control blood, nor to state that any observed small variations in 
the ratio are entirelj’’ dependent on contamination with carbon monoxide. The 
presence of such variations is, however, not serious in estimating the change produced 
by the inhalation of additional carbon monoxide, since the ratio for the carbon 
monoxide hemoglobin sample, read at the same lime and under the same conditions, 
tends to change in the same direction. Consequently the difference between the 
ratios of the oxyhemoglobin and of the carbon monoxide hemoglobin samples is 
little affected by the absolute levels (table 3). 
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Examples of the effects of residual carbon monoxide are shown in table 2, which 
data represent the results obtained on the oxyhemoglobin (control) bloods of four 
students, two of whom were habitual smokers while the other two were non-smokers. 
Taking the average of the ratios of the non-smokers as a fair estimation of an oxy- 
hemoglobin ratio, it was found that on the average the blood of one smoker contained 
1.53 per cent, that of the other smoker 2.20 per cent, more carbon monoxide hemo- 
globin that did the bloods of the non-smokers. 

The consistency of the determinations of carbon monoxide hemoglobin obtainable 
by this method is illustrated by the data presented in table 3. The standard devia- 

TABLE 2* 

AD« 8 /ADi 73 values obtained on control (oxyhemoglobin) samples of blood at different 

times from 4 subjects 


Subjects H and M: habitual smokers. Subjects K and L: non-smokers 


8T7BJECT H 

BtTBJECT M 

BTTBJECT K 

SUBJECT I* 

0.90330 

0.90617 

0.90159 

0.89772 

0.90446 

0.90536 

0.89902 

0.89759 

0.90280 

0.90699 

0.89855 

0.89778 

0.89977 

0.89900 

0.89254 

0.89987 

0.90267 

0.90271 

0.89706 

0.90039 

0.90078 

0.90232 I 

0.89700 

0.89405 

0.90026 

1 

1 

0.90269 * 

0.90365 

1 


0.89501 

0.89460 

0.89766 

0.89917 

0.90035 

0.89790 - 

0.89838 

Mean . . . .0.90201 

0.90361 

0.89763 

0.89773 


* The low ratios here shown as compared with those given in the text were de- 
pendent on the optical densities assigned to the gray glasses employed. These 
densities were later adjusted according to values given by the Bureau of Standards. 
Though the actual values differ from those in use at present, any error introduced is 
small. The constants then utilized for hemoglobin concentration depended on a 
comparison with gasomctric determinations, and those for carbon monoxide hemo- 
globin saturation on determination of the actual ratios obtained with oxyhemoglobin 
and carbon monoxide hemoglobin at that time. 

tion of duplicates from their means is ± 0.82 per cent of the total saturation. The 
data of tables 1, 2 and 3 were obtained with a 30 inch bench. A longer bench (40 in.) 
increased the accuracy for estimation of hemoglobin concentration but decreased the 
accuracy of the estimations for the ratios ADms/ADsis. This we attribute to the 
greater intensity of light avail.able to the photocells with the shorter bench, giving 
a gre.atcr accuracy of reading in the yellow line which overbalances the increase in 
other errors. 

Since the curve of figure ;> is nearly a straight lino differences may be used to csti- 
rnntc tlie increase in carbon monoxide hemoglobin saturation without rcg.ard to the 
initial ievrl of residtial carbon monoxide provided that this docs not exceed 3 to 4 
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per cent. If large initial concentrations are present the curve should be read at the 
appropriate level. In a case where the control sample appeared to contain 1.93 per 
cent carbon monoxide hemoglobin, the increase in the saturation of the blood follow- 
ing the inhalation of carbon monoxide was 10.10 per cent as determined by the simpler 
method, and 10.02 per cent when the curve was read at the proper levels. The differ- 
ence is insignificant. 


TABLE 3* 

Data obtained on duplicate blood sa7nples shovnng 1, the values of the ratio ADwe/ADsya 
for the control (OiHb) samples and the samples (COHb) following the administration 
of CO; 2, the difference in the ratio for the COHb and its Offlb control, and 3, the 
percentage COHb samples corresponding to the difference 


BLOOD KO. 

^^540/^^578 

DIFTEnENCE 

COHb 

OiHb 

COHb 

1 A 

0.90330 

0.92658 

0.02328 

per cent 

8.33 

1 B 

0.90446 

0.92775 

0.02329 

8.33 

2 A 

0.90159 

0.92117 

0.01958 

7.08 

2 B 

0.89902 

0.91840 

0.01938 

7.03 

3 A 

0.89772 

0.92768 

0.02996 

10.70 

3 B 

0.89778 

0.92768 

0.02990 

10.67 

4 A 

0.90617 

0.92655 

0.02038 

7.37 

4 B 

0.90536 

0.92598 

0.02062 

7.47 

5 A 

0.89987 

0.92564 

0.02577 

9.23 

5 B 

0.90039 

0.92619 

0.02580 

9.25 

6 A 

0.89254 

0.92020 

0.02766 

9.88 

6 B 

0.89706 

0.92412 

0.02706 

9.68 

7 A . 

0.90078 

0.92304 

0.02226 

8.01 

7 B 

0.90026 

0.92225 

0.02199 

7.92 

8 A 

0.89790 

0.92183 

0.02393 

8.57 

8 B 

0.89838 

0.92213 

0.02375 

8.52 

’ 9 A 

0.89565 

0.92126 

0.02561 

9.17 

9 B 

0.89704 

0.92244 

0.02540 

9.12 


* See footnote table 2. 


Standardization. Careful standardization of the apparatus under the conditions 
in which it is to be used appears to insure reliable results in spite of the variable values 
of the constants, and consequently of the ratios, which may be obtained under differ- 
ent conditions. Hartmann (15) obtained a ratio for pure oxyhemoglobin of 0.9458 
and one for carbon monoxide hemoglobin of 1.401, while Steinmann (19) using essen- 
tially the same apparatus obtained values of 0.914 and 1.355 respectively. The differ- 
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ences in these ratios {LDutf COHb — ADBi^/AD&n OoHb) are, hon'ever, of the 
same order, 0.4552 and 0.441 respectively. With various slight modifications of the 
present apparatus values have been obtained for the ratios which have differed con- 
siderably, the pure oxyhemoglobin ratio ranging from 0.8920 to 0.9274, the pure 
carbon monoxide hemoglobin ratio from 1.3067 to 1.3598. In spite of the large varia- 
tions in the absolute levels of the ratios, the values of the differences have varied by 
no more than 3 per cent (0.4147 to 0.4267). 

The differences in ratios given by both Hartmann (15) and Steinmann (19) arc 
greater than those calculable from the data of Heilmeyer and Sundermann (20) or 
Drabkin and .Austin (18). With the RCA 929 photocells in the apparatus instead of 
the RC.A 917 and 919 combination, the ratio at 24.3°C for oxyhemoglobin® is 0.90097, 
and for carbon monoxide hemoglobin 1.2978, with a difference of 0.3968, a value iden- 
tical with the average value of 0.397 found by Heilmeyer and Sundermann. The 
RCA 929 photocells arc not sensitive to infra-red; in our earlier arrangements, though 
the RCA 917 and 919 cells were sensitive to the infra-red, a strong solution of copper 
sulphate was interposed in front of them. No such copper sulphate was used by 
either Hartmann or Steinmann. It is possible that the discrepancies depend on very 
small contamination of the light with infra-red. 

Due to the kindness of Dr. D. D. Van Slyke and of Dr. F. W. J. Roughton, it was 
made possible to determine by both gasometric and the present methods the carbon 
monoxide hemoglobin concentration of the same samples of a series of several bloods. 
Of one of these samples the oxygen capacity was also determined gasometrically in 
order to check our e value of oxyhemoglobin in the green line. In this blood the 
op'gen capacity determined photometrically was practically identical (0.3 per cent 
higher) with the value obtained gasomctricallj' when both the oxygen and carbon 
monoxide content were included in the latter determination. Assuming the photo- 
metric determination of the hemoglobin concentrations as correct for the other 
bloods, the absolttlc carbon monoxide hemoglobin saturations of three of the samples 
were found gasometrically to be: a, 8.3 per cent; b, 15.4 per cent, and c, 10.2 per cent. 
Photometrically, the differences between the control and experimental bloods were 
estimated as ; a, 7.8 per cent; b, 15.2 per cent, and c, 10.1 per cent. The control 
blood for samples a and b were 0.8 per cent, for sample c 1.4 per eent saturated with 
carbon monoxide. The differences between the control and experimental bloods 
appear to be exaggerated by the photometric method. The values of the differences 
are almost identical with the absolute saturations observed gasometrically. 

The effect oj^ temperature. The temperature of the room in which the bloods are 
ro.id has a significant effect on the ratios of both oxy'hemoglobin and carbon monoxide 
hemoglobin, with the consequence that the higher the room temperature the lower 
appc.ir to be the percentages of carbon monoxide hemoglobin. This is apparently 
ue to shifts in the optical ratios of both oxyhemoglobin and carbon monoxide hemo- 
g o in. In onl\" a few of the data here reported has any attempt been made to correct 
or such errors. V ithout any correction the error introduced by an increase in the 
room temperature of 4 C was of such an order that a 8.5 per cent saturation of hemo- 
globin With carbon monoxide might be estimated as 8.0 per cent. During the winter 
w len 1 10 room temperatures varied but little the errors were small; we do not believe 
la .sue 1 errors have vitiated our conclusions. Estimations of hemoglobin concen- 
trations wore not affected significantly (table 4). 

” t' solution was prepared by oxygenating for an hour approxi- 

\ o 1 1 C ( ilutod licmolysed blood in a 200 ml. tonometer which was rotated 
in an cicctric refrigerator. 
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This temperature effect appears to be due in part to a temperature coefficient of the 
“dark current” of the cacsiurn oxide photocells, and should be looked for whenever 
such photocells are used. This effect may be observed by testing neutral glasses 
at different temperatures. The maximum sensitivity of the E.CA 917 and 919 photo- 
cells is around 775 m/x; that of the photocells used by Hartmann (15) between 600 and 
700 m^i. Such temperature effects may have existed in his system, but if present were 
unlikely to have been as great. The newly adopted RCA 929 photocells have a maxi- 
mum sensitivity at around 370 mp, and have the advantage of being insensitive to in- 
fra-red radiation. These photocells do not show any temperature disturbance when 
tested with neutral glasses except for a temperature coefficient of — O.OS per cent per 

TABLE 4 


Effect of temperature upon hemoglobin concentration as determined from Em* 


TEitTEUATITIlE 

nCMOGLODIN CONCENTnATIOK, GRAMS PER 100 CC. 

Blood Bamplo 1 
OxHb 

Blood sample 2 
COHb 

Blood sample 3 
OiHb 

Blood sample 4 
COHb 



Experiment 1 

\ . - 


°c. 



j 


23.30 

16.55 

15.62 



25.35 



16.12 

15.87 

25.65 

16.55 

15.66 



28.50 

16.53 

15.66 

i 


29.75 



16.11 i 

15.86 

Experiment 2 

27.80 

16.34 




28.00 

16.34 




30.70 



16.20 


30.75 

16.34 


16.21 


31.00 



16.19 


31.10 

16.35 

i 




* In experiment 1, blood samples 1 and 2 were read in the photometer at the same 
time, as were also samples 3 and 4. In experiment 2 the values for samples 1 and 3 
were obtained independently. 


degree centigrade rise in temperature, which coefficient is probably that of the glass 
itself. 

■ However the results of a single experiment indicate that there is still a temperature 
factor (though a smaller one) entering into the determinations of carbon mono.xide 
hemoglobin percentages. The difference in the ratios of the optical densities at the 
two wave lengths for oxyhemoglobin and for carbon monoxide hemoglobin is reduced 
about 0.6 per cent per 1°C rise of room temperature. 

Hematocrits, Scrum Protein. For hematocrits it was found convenient to use 
mechanically drawn ca]nllary tubing (0.5 mm. bore) of pyrex or of soft glass. After 
tisc they were discarded. After the blood was drawn into a tube one end of the tube 
was seated in an alcohol flame. Usually six or more hematocrit tubes were prepared 
for each hematocrit, determin.ation. These were placed in a small cjdindrical glass 
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holder which had a large drop of mercury in the bottom. The mercury acted as a 
cushion and prevented the loss of blood from tubes which were incompletely sealed. 
Table 5 presents several series of hematocrit values, with the averages, medians and 
the standard deviations from the averages, to demonstrate the consistency ob- 
tainable. 

The specific gravity of serum was measured by the falling drop method of Barbour 
and Hamilton (21), and the serum protein (grams per cent) calculated by the formula 
of Weech et al. (22). 

General Procedure. In order to maintain the conditions as constant as possible for 
comparative purposes, as well as to minimize extraneous factors, the subjects, when- 
ever possible, spent the night preceding the experiment in the air-conditioned room 
in which the determinations were undertaken. The temperature of the room was 
maintained throughout at approximately 24°C, except in the spring experiments 
(April-May) when it averaged around 25.5°C. As a routine the subject emptied 


TABLE 5 


M.E.M. iv/16/40 

LTINQ (cOKaES-nOX USED) 

M.E.M. v/7/40 

Lying 

Sitting 

per cent red cell volume 

36.9 

36.4 

37 0 

36.7 

37.2 

36.6 

37.0 

36.8 

37.1 

36.0 

per cent red cell volume 

35.30 

35.05 

34.80 

35.20 

35.15 

34.40 

35.10 

35.30 

per cent red cell volume 

36.15 

36.85 

37.10 

36.55 

36.60 

36.40 

37.35 

} 

Average 30.8 ±0.26 

35.04 ± 0.30 

36.71 ± 0.37 

Median 36.85 

35.12 

36.60 


his bladder at 7:00 a.m., following which he dozed or slept for 1^- to 2 hours before the 
determinations were commenced. For the experiments on the one female subject 
tested, the subject arrived between 7:30 and 8:00 a.m., following which she dozed 
until 9:00 o’clock at about which time the measurements were begun. Breakfast 
wa.s omitted. 

In the spring experiments on H, K, L and M, the subjects, following a morning 
of laborator 5 ' or class, came to the air-conditioned room about 1:00 p.m. where they 
lay down for at least a half-hour before the blood volume measurements were started. 
Lunch was omitted. These subjects were paired, H with K, and L with M, deter- 
minations being made on both members of a pair at the same time. Because of the 
possibility that chronic exercise might have some influence on the level of blood 
volume, one member of each pair (K and L), following two control blood volume esti- 
mations, undertook several hours of strenuous hand-ball three times each week plu.s 
any nddif son.al exercise that they could get. The other members of each pair (II and 
M) acted a.s controls, avoiding for the first month any exercise except that required 
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by a normal dail}’- routine (subject H supplemented this occasionally with moderate 
walking). At the end of this month these two likewise started exercising. 

Except for the few instances noted the blood samples were drawn from one of the 
arm veins near the elbow without stasis. After a control blood sample was obtained, 
the subject inhaled the carbon monoxide-oxygen mixture for 15 or 20 minutes. The 
second blood sample was usually obtained before the removal of the mask, or within a 


TABLE 6 

Basal blood voluvics, lying 


NO. 

DATE 

SUBJECT 

SEX 

AGE 

SURFACE 

AREA 

TOTAL 

CIRCU- 

LATING 

HEMO- 

GLOBtN 

TOTAL 

CIRCU- 

LATING 

BLOOD 

VOLUME 

RED CELL 
VOLUME 

PLASMA 

VOLUME 







gms./ 

liters/ 

liters/ 

liters/ 






ilia 

SQ.m. 

Bq,vi, 

«g.m. 

8g,m* 

1 

X/31/39 

H 

M 

21 


446 

3.095 

1.327 

1.758 

2* 

XI/ 8/39 

H 

M 

21 


458 

3.084 

1.345 

1.739 

3 

XI/15/39 

H 

M 

21 

1.82 

464 

3.315 

1.425 

1.890 

4* 

XI/30/39 

H 

M 

21 

1.82 

509 

3.397 

1.489 

1.908 

5* 

XII/ 1/39 

H 

M 

21 

1.82 

449 

3.165 

1.395 

1.770 

6* 

1/25/40 

H 

M 

21 

1.82 

480 

3.390 

1.484 

1.906 

7 

III/ 1/40 

H 

M 

21 

1.82 

461 

3.170 

1.434 

1.736 

8t 

IV/ 4/40 

H 

M 

22 

1.82 

467 

3.210 

1.458 

1.752 

9t 

IV/13/40 

H 

M 

22 

1.82 

458 

3.192 

1.445 

1.747 

Average 

466 

3.223 

1.422 

1.801 

10 

XII/ 1/39 

C 

M 

29 

2.07 

514 

3.472 

1.522 

1.950 

11 

IV/16/40 

M.E.M. 

F 

31 

1.34 

254 

2.139 

0.780 

1.359 

12 

IV/30/40 

M.E.M. 

F 

31 

1.34 

266 

2.389 

0.877 

1.512 

13 

V/ 7/40 

M.E.M. 

F 

31 

1.34 

269 

2.492 

0.874 

1.618 

14t 

IV/ 4/40 

K 

M 

22 

2.06 

452 

2.945 

1.382 

1.563 

15t 

IV/13/40 

K 

M 

22 

2.06 

472 

3.000 

1.475 

1.525 

16t 

IV/ 6/40 

L 

M 

21 

2.02 

389 

2.420 

1.156 

1.264 

17t 

IV/11/40 

L 

M 

21 

2.02 

367 

2.360 

1.180 

1.180 

18t 

IV/ 6/40 

M 

M 

21 

2.10 

431 

2.822 

1.320 

1.502 

19t 

IV/11/40 

M 

M 

21 

2.10 

441 

2.855 

1.332 

1.523 


t Values included in the data for figures 2 and 3. 

Nos. 1-7, in air-conditioned room overnight. Lying basal. Nos. 8-9, following 
morning of class. No lunch. Lying 1:00-1:30 p.m. No. 10, in air-conditioned 
room overnight. Lying basal. Nos. 11-13, not in air-conditioned room overnight. 
Lying basal. Nos. 14-19, following morning of . class. No lunch. Lying 1:00- 
1:30 p.m. 

minute following its removal. In the experiments on posture, usually the subject 
was moved (with as little movement as possible on his part) from one position to the 
other without breaking the connection of the lung-Sanborn system. 

Results. Basal Blood Volumes. Table 6 shows blood volume estima- 
tions obtained on six subjects while Ijdng on a bed in a basal or semi-basal 
condition. Usually the blood volume measurements obtained in the 
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morning were carried out between 9:00 and 10:00 o’clock, in some cases 
(starred) between 10:00 and 11:00. 

Of interest are the results of the 9 experiments on subject H, wliich 
were obtained at intervals over a period of five and one-half months, from 
the last of October, to the middle of April, the winter season in Philadelphia., 
As may be seen from the table, his total hemoglobin, and his cell and 
plasma volume varied but little. If the data of XI/30/39 are omitted 
(data obtained simultaneouslj'^ with his first experience as subject for the 
dye method), the total spread, taking the lowest values as 100 per cent, 
were for total hemoglobin, cell arid plasma volumes: 7.6 per:cent, 11.8 
per cent, 9.8 per cent respective^. These data show the reproducibility 
of results. by this method. 

In a recent paper Forbes et al. (23) report blood volume estimates (by 
T 1824) on ten laboratory workers which were obtained in Boston during 
the winter months. The average blood volume per square meter of surface 
area of their subjects under these conditions was 3.24 liters. Omitting 
the data obtained on the female subject, the average bloOd volume, per 
square meter, of our subjects was 2.98 liters, or 8 per cent below that of the 
Boston group. This discrepancy in the absolute levels is of interest, for 
it is of the order of the difference found between the values of blood volume 
estimates made simultaneously by congo red and by carbon monoxide 
(10). We are not in a position to explain this discrepancy; it may be 
accounted for on the basis of the hematocrit error, errors in our estimates 
of the absolute levels of percentage carbon monoxide hemoglobin, errors 
in the chance sampling of a population, or factors unknown. 

The variation in the size of the blood volume with different indhdduals 
obser\"ed by Gibson and Evans (24) using the dye T 1824 is reflected in the 
data of table 6. The values obtained in April on subjects H, K, L and M 
(4 students carrying the same progi-am) show marked individual differences. 
As mentioned earlier in this report, the subjects were paired, H with K 
and L with M, both members of a pair acting as subjects at the same time, 
and therefore under the same conditions, and following the same morning 
routine. Yet the blood volume per square meter of surface area of sub- 
ject H is greater by 6 per cent to 9 per cent than that of his partner K, 
and that of .subject M greater by 16 per cent to 21 per cent than that of 
his partner L. Tlie latter two subjects, who show the larger differences, 
were physically fit, approximately of the same height, weight, and surface 
area, but differed considerably in build. Obmously these differences can- 
Tiot be .soa.sQnal, nor can they be attributed to the method of determination, 
for they were observed also by Gibson and Evans (24) and b 3 ’^ Forbes ct al. 
(23) u.sing T 1824. 

Seasonal Variations. The influence of cmdronmental temperature on 
the blood volume of man was first recognized bj^ Barcroft ct al. (25) in 
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1922. Since then various workers have recognized seasonal influences on 
various circulatory reactions (26, literature cited), but until reccntlj" little 
attention has been given to seasonal variations in blood volume. In 
a recent report, Bazett et al. (26) present data showing seasonal variations 
in individuals which in some cases were as gi’eat as 29 per cent. In the 
same paper these authors report data obtained in several experiments on 
subjects living for 10 to 12 daj’-s under constant temperature conditions 
in an air-conditioned room, the temperature of which could be adjusted 
to imitate the hot summer or the chilly spring weather of Philadelphia. 
The data show that heat-adapted subjects tend to decrease their blood 
volumes wlien exposed for a sufficient period to a continuously cold en- 
vironment, and conversely, cold-adapted subjects tend to increase their 
blood volumes when exposed to a continuously hot environment. Under 
these artificial and acute “seasonal” variations, the sliifts in blood volumes 
Tanged from 8 per cent to 32 per cent. More recent data obtained by 
Forbes et al. (23) show increases of onlj"- 1.7 per cent to 10 per cent in the 
blood volumes (per square meter) of subjects as the result of moving from 
a cold northern environment to a' warm southern climate. The effect 
of the normal changes in climate has not, however, previously been in- 
vestigated by the repeated systematic examination of a group of subjects. 

In figures 6 and 7 are plotted the results obtained from 6 determinations 
'on each of the 4 subjects, H, K, L and M, during the transition from a cold 
winter to a mild spring. In figure 6 are plotted the daily mean outdoor 
temperatures (obtained from the weather bureau), and the averages of the 
values for hemoglobin concentrations, serum protein concentrations,' 
hematocrit and total blood volume (per square meter, of body surface). 
These average values are the means of single experiments on. each of the 
four subjects, and since the subjects were not all tested on the same day, 
the mean values represent the averages for the subjects over some period 
of time (solid lines). In addition, the individual curves for total blood 
volume (per square meter) are given. In figure 7 are presented the curves 
for the average (calculated as above) total circulating hemoglobin and 
for the average total blood, cell and plasma volumes, all calculated as per 
square meter of surface area. 

The average total blood volume shows a consistent and marked increase 
which parallels the general rise of the outdoor temperature. In comparison 
with the individual blood volume curves, this curve of the averages mini- 
mizes the changes but tends to iron out the individual variations due to 
uncontrollable factors, giving, thereby, a truer picture of the general trend. 
However the individual curves follow the average curve in their general 
contour, and this was found to be true of the other data. A feature of the 
individual curves is the tendency for the values for the two subjects 
measured on the same day to go in the same direction. On the whole 
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these shifts which are common to both members of a pair follow the tem- 
perature changes preceding the day on which the determinations were 
made. Evidence of a definite lag in the response to a temperature change 




4/2 4/12 4/22 5/2 5/12 5/22 1940 

Dale 


Fig. 7 


Fig. 6. Graph showing the relation of the average outdoor temperature to the 
average hematocrit ratio {Hemal), hemoglobin concentration {Hb cone.), serum 
protein concentration (Ser pr.) and total blood volume {Tol. blood vols. Av.) and to 
the individual total blood volumes (M., H., K., and L.). 

Footnotes, subject L; 1, Vomited day previous to determination. Felt de- 
hydrated. 2. Peripheral veins notably enlarged. Two days previously veins 
appeared engorged. .3. Marked diuresis previous to determinations. 

Fig. 7. Graphs of the average values for total hemoglobin (Tol. Hb.), total blood 
\ olnmc {Tot. hi. vol.), plasma volume (PI. vol.) and red cell volume (cell vol.). 


i.s secit in the curve of subject K, but is not evident in the curv^es of the 
other three subjects. 

The curves for ?icmoglohin concenlralion, hematocrit ratio and serum 
protein are mirror images of the curve of the average blood volume, in- 
dicating a definite dilution of the blood concomitant vith the increase in 
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the blood volume. It might be argued that the changes in blood volume 
and in hemoglobin concentration were artifacts depending on the admitted 
temperature error of the photometer, or on some other error inherent in 
the method. Against such arguments are the mirror changes in the 
hematocrit ratios and the serum protein, determinations which were 
carried out completely independently. As the temperature of the room 
in which the bloods were read did not vary by more than 2°C, the maximum 
error due to the effect of temperature on the photometer would be 5 per 
cent. 

The changes in total hemoglobin and in cell and plasma volumes (fig. 7) 
parallel closety the changes in the total blood volume. Obviously, the 
changes in the estimated total blood volume must be the sums of the 
changes in the cell and plasma volumes. The plasma volume shows an 
earlier and a greater increase than the cell volume. These data substan- 
tiate those of Bazett et al. (26) who observed that cold-acclimatized sub- 
jects when exposed to prolonged heat in the air-conditioned room in- 
creased theu- blood volumes initially by increasing their plasma volumes 
(sometimes faster than they could supply plasma proteins, resulting in a 
temporary fall in the serum protein concentration). 

The average changes observed in the present experiments for total hemo- 
globin, total blood volume, cell volume and plasma volume were respec- 
tivel}^': -I- 18.2 per cent, -}-22.6 per cent, -1-17.5 per cent and -1-31.3 per 
cent. These averages are based on the greatest changes observed in 
each of the four subjects individually, and consequently are higher than 
the averages calculated from the data used for figures 6 and 7, The 
minimal and maximal changes observed individually were, in the same 
order as given above: -1-12.2 per cent to -1-22.1 per cent, 4-11.5 per cent 
to -1-33.7 per cent, -f 14.2 per cent to +22.5 per cent, and +13.2 per cent 
to +45.3 per cent. 

The variations in the extent of the changes in blood volume seen in the 
different indi^dduals show some correlation with the degi'ee of the changes 
in hemoglobin concentrations, hematocrit ratios and serum protein per- 
centages. Table 7 gives the greatest changes observed in total blood, 
plasma and cell volumes, hemoglobin concentration, hematocrit ratio 
(per cent red cell volume) and serum protein (grams per cent) of each of 
the four subjects. Of the extremes, subject H who had the smallest in- 
crease in total blood volume, showed the least decrease in plasma protein; 
while subject M, who had the largest increase ia total blood volume, 
showed the largest decrease in serum protein. These data lilcewise corre- 
late with the increase in plasma volumes, subject H showing the smallest 
increase (+13.2 per cent), subject M the largest increase (+45.3 per cent). 
As suggested by the figures (table 7) the changes in concentrations (serum 
protein, hemoglobin and hematocrit) depend on the difference in the rates 
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■with which new equilibria are established. Fluid is increased more rapidly 
-than is protein, and serum protein, in its turn, more rapidly than are red 
>cells. 

As may be seen from the indhddual curves in figure 6, exercise had 
no apparent effect on the total blood volumes. This was true also of the 
other data. It is quite likely that the exercise was not sufficient!}'’ strenu- 
ous nor carried over a sufficient!}'- long period to induce measurable changes. 

The Effect of Posture. There are comparatively few data in the literatme 
concerning direct measurements of the effect of posture on blood volume. 
Thompson et al. (27) using the dye method of Keith, Rowuitree and 
■Geraghty, obtained a reduction in total blood volume and in plasma volume 
■of an average of 12 per cent in subjects as the result of a shift from the 
xecumbent to the standing position. The average change in the red cell 
volume was negligible. Waterfield (28), employing the carbon monoxide 
method of Chang and Harrop, reported that the results of a similar postural 

TABLE 7 


Maximal changes observed in each of the four subjects 


smsnicrr 

TOTAL BLOOD 
VOLUME 

BED CELL 
VOLUME 

1 

PLASMA 

VOLUME 

1 HEMOGLOBIN 
CONCENTBATION 
(GRAMS PEB 
100 ML.) 

HEMATOCKIT 
(PBK CENT nED 
CEU. volume) 

Lebum pbotein 

(OBAMS PEB 

cent) 


per cent change 

per cent change 

per cent change 

per cent change 

per cent change 

per cent change 

H 

+ 11.5 

+14.2 

+13.2 

-4.1 

-5.3 

-3.3 

K 

+23.4 

+22.5 

+24.2 

-9.6 

-9.7 

-5.2 

L 

+21.6 

+12.0 

+42.4 

-14.3 

-13.0 

-5.9 


+33.7 

+20.4 

+45.3 

-11.0 

-9.3 

-6.3 


change caused in his subjects an average reduction in blood volume of 
15 per cent, which reduction was associated not only mth a decrease in 
the plasma volume, but also with a fall in the red cell volume of 4 per cent. 

We have obtained some few data on blood volume changes associated 
with a .shift from the recumbent to the sitting position. These data are 
presented in table 8. As would be expected, the changes observed are not 
as clear cut nor as great as those obtained by a shift from the recumbent 
to the standing position. In the latter case there is a marked loss of 
plasma into the legs and feet as the result of the increase in blood pressure 
due to gravity. Our data indicate a similar but smaller gravity factor 
acting to decrease the plasma volume, with the result that the blood volume 
decreases in spite of an apparent increase in the red cell volume. The 
increiise in the red cell volume is difficult to explain, and might be con- 
sidered as due to a hematocrit error except for the fact that in the e.xperi- 
mont,s on M. E. M. this change was accompanied by an increase in the total 
hemoglobin. Another possible explanation is that, associated vith the 







SEASONAL AND POSTURAL CHANGES IN BLOOD VOLUME 


149 


unavoidable movement when changing from the recumbent to the sitting 
position, some of the carbon monoxide is lost from the hemoglobin to the 
muscles. It is unlikelj’- to be a “mixing” error (see below) for care was 
taken that the carbon monoxide was as well mixed as possible while the 
subject was still bung. In conclusion one may state that as a result of a 
change from a lying to a sitting position, there is a decrease in the plasma 
volume which decrease is less than that seen upon standing. One cannot, 
however, on the basis of the present data, draw anj’- conclusions as to the 
changes which may occur in the red cell volume. 

The Question of Mixing. In either the dye or carbon monoxdde methods 
the question of uniformity of mi.xing is of prime importance. For subjects 


TABLE 8 

Blood volume and posture 


NO. 

DATE 

SUB- 

JECT 

TOTAL 

Hb 

TOTAL 

BL. V. 

BED CELL 

V. 

PLASMA 

V. 

Hb 

CONCEN- 

TBATJON 

HEStATO- 

cniT 

SEBUM 

PROTEIN 

9 * 

s 

£ 

*> o 
c “ 

s « 

Ph 

«« 

E 

U 

o 

eu 

43 O 

C M 

s-g 

0, 

s 

u 

o 

(U 

43 O 

8§ 

0 'S 

E 

0 

43 0 
e M 

0 c 

0 e 

•« 

E 

C S 
8§ 
U,SS 
0 U 

_ 0 

CJ zs 

ts'o 

4> 0 

c? ^ 

0 G 

0 a 

^ .iC 

0 0 

0 

0 

4» 0 

c w 

sg 

1“ 

1 

2 

m/ 1/40 

H 

m 

+0.4 

1 

-2.8 

liters 

1.44 

1.46 

+ 1.4 

liters 

1.73 

1.62 

-6.3 

grams 

14.53 

15.02 

+3.4 

per 

cent 

45.25 

47.25 

+4.4 

Qramd 


3 

IV/30/40 

MEM 

2GG 




0.88 


1.51 


11.15 




6.10 


4 



275 

+3.4 

m 

0.00 

0.89 

+ 1.1 




+3.1 

B 


6,25 

+2.5 

5 



2G9 


2.49 


m 


1.62 








6 



272 

+1.3 

2.42 

-2.9 


+ 2.8 

1.62 

-6.0 

11.25 


36.71 

+4.8 


+4.6 

Avemge 


+1.7 


-1.9 


+ 1.8 


-4.3 


+3.6 


+3,7 


+3.6 


No. 1, lying basal. No. 2, after 1 hour of sitting. Second dose CO for independent blood volume deter- 
minations. No. 3, lying basal. No. 4, after II minutes sitting. Rcbreathing apparatiw not disconnected 
between the lying and sitting determinations. No. 6, lying basal. No. 6, after 10 minutes, sitting. Re- 
breathing apparatus not disconnected between tho lying and sitting determinations. 

in the recumbent position the usage of the die away curve (4, 5) in the d5'^e 
method appears to meet adequately this problem, while according to 
Chang and Harrop (9) 17 or more minutes of rebreathing appears suffi- 
cient for uniform distribution of carbon monoxide in the blood. On the 
other hand there is evidence that in seated subjects uniform distribution 
of either dye or carbon monoxide may not occur within the periods be- 
lieved to be sufficient for the recumbent position. This is due, probably, ' 
to the slower peripheral circulation. Lindhard (29) was unable to obtain 
adequate mixing of vital red in the plasma of seated subjects unless they 
raised their arms above their heads and walked around. Steinmann. 
(19), who compared the. percentages of carbon monoxide hemoglobin of 
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several blood samples dravm simultaneously from various peripheral 
vessels, was unable to find uniform mixing in some of his seated subjects 
even though they rebreathed the carbon monoxide for an hoiu. Conse- 


TABLE 9 
Mixing errors* 





a 

t 

o 

2 



P 

o 





< 




O fij 


6 

z 

PATE 

u 

m 

a 

Q 

< 

a a 
c a 
bh 

W 

< 


CONDITIONS 



n 

p 

o 

o 

O 



n 


03 

p 

K 

o 


H 







per 

cent 

fframs 

liters 


1 

1/25/40 

H 

1 


7.38 

876 

6.15 

Lying 




2 

30 

7.43 

871 

6.19 

Lying 

2 

IV/ 4/40 

H 

1 

20 

8.33 

851 

5.85 

Lying moved hands, feet be- 




2 

28 

8.33 

851 

5.85 

Lying tween samples 

3 

IV/ 4/40 

K 

1 

22 

7.08 

925 

6.02 

Lying moved some belly mus- 




2 

27 


929 

6.07 

Lying cles between samples 

4 

IV/18/40 

L 

1 

21 


760 

4.93 

Lying moved hands, feet be- 




2 

33 


746 

4.86 

Lying tween samples 

5 

V/ 2/40 

H 

1 

20 

7.92 

879 

6.22 

Lying lying on side between 




2 

31 


870 

6.07 

Lying samples 

6 

1/16/40 

A 

1 

22 

8.47 

792 

5.23 

Sitting (95 min.) 




2 

35 

7.70 

874 

5.91 

Lying (13 min.) Blood samples 









obtained vdth difficulty 12 min. 
after rebreathing stopped. 
Loss of CO during this time 
would reduce the COHb to 
about 8.28 per centt 

7 

11/26/40 

A 

1 

15 

8.35 

805 

5.25 

Sitting (83 min.) , 

(s-ti.- mo • \ moved arms. 

Sitting (93 min.) , , , 

Sittml (99 min.) '“e* 

Lying (11 min.) 




2 

25 


839 

5.41 




3 

4 

31 

42 

7.28 

7.67 

909 

879 

5.84 

5.73 


* In all of these experiments the subject remained connected to the rebreathing 
apparatus even while changing position. 

t Calculated from formula Ct = CoC“»‘ (Stadie and Martin, J. Clin. Investigation 
2: <7, 1025) where a (av, value exp. obtained by us under basal conditions) = 0.0019. 

quently, unless care has been taken to insure thorough mixing, data (by 
either method) on the blood volumes of seated, and presumablj’’ also of 
standing, subjects must be interpreted with caution. 

Table 0 presents data concerning adequate mixing on several of our 
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subjects. . Experiments 1 through 5 are data obtained on subjects in the 
recumbent position. As Chang and Harrop found, 20 minutes appear 
to be sufficient for adequate mixing, for even movements of the feet and 
hands, and in one case some of the belly muscles, do not significantly alter 
the carbon monoxide hemoglobhi percentage. In experiments 4 and 5 
the second samples show increases (? error). Experiments 6 and 7, show 
clearly the possible error that may enter into a sitting blood volume de- 
termination: in experiment 6 there was no control over mixing, and the 
apparent increase in the blood volume as the result of taking the recumbent 
position may be due to sudden distribution of carbon monoxide among 
red cells previously unable to obtain their share of the gas. Comparison 
of experiment 7 with experiment 6 indicates that the apparent increase in 
blood volume of experiment 6 occurring as the result of such a change in 
position may be erroneous, for slight movements of the feet and legs be- 
tween samples 2 and 3 (expt. 7) caused a marked fall in the carbon mon- 
oxide hemoglobin concentration, which concentration was then found to 
increase as the result of taking the recumbent position (sample 4). This 
increase in the percentage of carbon monoxide hemoglobin occurring as 
the result of changing from a sitting to a lying position is puzzling; it has 
been observed consistently in cases where presumably adequate mixing 
has occurred, as in observations during the disappearance of the gas 5 
hours or more after its administration. It may indicate a sudden addition 
to the circulation of previously trapped cells which had maintained a 
high carbon monoxide content. Further work is necessary to establish 
this point, but it suggests that there may be uneven distribution of the gas 
(? dye also) foUoiving initial uniform mixing. 

Consequentbq in the experiments on sitting versus recumbent blood 
volumes given in table 8, care was taken to insure as adequate mixing as 
possible while the subject was still lying (M.E.M.) or sitting (H) by having 
the subjects move their feet and hands. 

Experiments on acute exercise require the same type of critical examina- 
tion. Chang and Harrop (9) found an apparent increase of 1.3 per cent 
to 7.3 per cent in the blood volumes of subjects as the result of exercise on 
a stationary bicycle, which they believed could be accounted for on the 
basis of the loss of carbon monoxide from the blood to the muscle hemo- 
globin, or possibly in part to a real increase due to the addition of splenic 
blood. On the other hand, Kaltreider and Meneely (30), on the basis of 
changes in the die away curves following T 1824 injections, found a de- 
crease in the plasma volumes, and consequently in the total blood volumes, 
of subjects as thd result of acute exercise, which decreases were accom- 
panied, following exhaustive exercise, by increases in the red cell volume 
due presumably to the addition of cells from the spleen. 

We have performed only one experiment on exercise, employing moderate 
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work (4.419 kgm.-m. in 10 min.) on a bicycle ergometer. The results ob- 
tained by the present carbon monoxide method were in general agreement 
with those found by the dye method (30). There was a reduction in the 
plasma voliune estimated as 1.9 per cent, which reduction was substantiated 
by increases in the hemoglobin and serum protein concentrations. On the 
other hand there was a small increase (1.2 per cent) in the total blood 
volume due to an apparent increase in the total hemoglobin, which increase 
was within the range found by Chang and Harrop. 

Discussion. The present carbon monoxide method for blood volume 
determinations appears to be a reliable method for determining relative 
values, although the actual levels may be somewhat low. The data ob- 
tained by this method indicate that in any one individual the basal re- 
cumbent blood volume level may be maintained remarkably constant, 
promded that the conditions of his ordinaiy routine do not undergo' sudden 
or progressive changes. The data also show that the levels of the blood 
volumes of different individuals may vary greatly, as has been found by 
dye methods (23, 24), even though those individuals follow approximately 
the same daily routines and are exposed to the same environmental condi- 
tions. The consistency of blood volume levels, however, disappears in 
the spring during the transition from a prolonged cold Avinter to warmer, 
even hot, weather, and the increases seen during such a transition have 
been found not only by the carbon monoxide method but also bj'^ the dye 
(26). The degree of change appears to depend on the individual. It 
may possibly be influenced by the level of the blood volume at the start 
of the warm weather (subject H, a native of a Southern state, consistently 
had a large blood volume throughout the ■winter, the largest volume per 
square meter of body surface during the control periods, and the smallest 
increase during the spring months). 

The basal recumbent blood volume may be shifted temporarilj'^ as 
the result of postural changes; standing (27, 28) and probablj’’ sitting 
cause a decrease, apparently due, for the most part, to the loss of plasma 
into the tissues of the dependent parts. 

It is apparent that mixing errors are inherent in the carbon monoxide 
method especially when the subject is seated. It is likely that under 
similar conditions they may be present in the dye method as well. Con- 
sequently the results on postural studies must be considered with caution. 

SUMMAKY 

1. x\ carbon monoxide method, similar to that of Chang and Harrop, 
for delormining the blood volume of human subjects is described. The 
determinations of the percentage of carbon monoxide hemoglobin follow- 
ing the inhalation of carbon monoxide were made by means of a differ- 
ential electric photometer. 
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2. The differential electric photometer is described. With careful 
handling of the blood and the use of a 30 inch bench the hemoglobin con- 
centration may be determined vdth a standard deviation of ± 0.34 per 
cent. A percentage of carbon monoxide hemoglobin of approximately 
10 per cent maj'- be determined vdth a standard deviation of ± 0.82 per 
cent of that saturation. The determinations of both the hemoglobin con- 
centration and the percentage saturation of the hemoglobin with carbon 
monoxide may be determined on the same hemolysed blood sample for 
which only 0.04 to 0.4 ml. of whole blood are required. 

We confirm others using a similar photometer, in the finding that the 
ratio ADmg/ADsts of oxyhemoglobin varies ivith bloods from different 
individuals and with the different samples of blood from the same in- 
dividual. These variations are correlated with different amounts of carbon 
monoxide hemoglobin which exist in the bloods of different individuals, 
e.g., smokers and non-smokers, and udth changes in the temperature at 
which the blood is read. 

3. Values for basal blood volumes of recumbent subjects are given, the 
absolute levels of which may be somewhat low, but which show that under 
constant conditions any one individual may have a remarkably constant 
volume (total spread of 10 per cent in nine determinations on one subject 
over five and one-half months). This constant recumbent level however 
varies in different individuals (males: max, 3.47 liters, min. 2,39 liters, 
one female: 2.34 liters per square meter of bod}’" surface), and in any one 
indhddual may be varied as the result of seasonal variations in environ- 
mental temperatures (increase in the spring udth warm weather 11.5 
to 33.7 per cent, average increase 22.6 per cent), and by change in position. 

We wish to take this opportunity to thank Mr. A. H. Chambers for 
maldng the estimations of ox 3 ^gen capacity hy Van Styke’s method for the 
standardization of the constants for the electric photometer, and to thank 
the students who so kindly acted as our subjects even in the face of pressing 
work. We are also indebted to the John and Mary R. Markle Foundation 
for a grant toward the expenses of this work. 
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In the course of studies on the effect of various agents on the caliber of 
the coronary vessels of the isolated fibrillating dog heart preparation (1), 
it was observed that following the injection of papaverine hydrochloride 
(Lilly), the ventricular fibrillation was replaced by synergic beating. 
This phenomenon was investigated further to determine whether or not 
the conversion to a regular beating could be constantlj'’ reproduced. 

Conversion to regular ventricular beating occurred with doses ranging 
from 0.5 to 3 cc. of 1 : 30 dilution of papaverine hydrochloride in five out of 
six isolated fibrillating heart preparations; the larger amoimts were given 
in 2 or 3 divided doses. This conversion to regular rhythm occurred even 
after periods of fibrillation of from 40 to 75 minutes had elapsed before the 
drug was administered. In this preparation, ho-wever, the nourishment 
of the heart is maintained by perfusion of the coronary vessels under 
suitable pressure with defibrinated blood at normal body temperature 
(38°C). 

Synergic beating Avas established in those instances in which the pa- 
paverine concentration reaching the heart was bet^veen 1:200 to 1:340. 
The concentration was roughly calculated from the amount and time of 
injection and the rate of coronary flo\v. Tw^o injections, as close to this 
concentration as 1:450 and 1:750, respectively, produced verj"- coarse 
undulatory movements of the ventricular muscle, but no true contractions. 
Evidently the ability of the drug to abolish fibrillation is intimately con- 
nected with its concentration in the blood reaching the heart. In spite 
of repeated induction of ventricular fibrillation by stimulation with a 
faradic current from a Harvard inductorium applied directly to the ven- 
tricles, the fibrillation so induced disappeared almost immediately upon 
removal of the stimulating electrodes and was replaced by regular S3mergic 
beats. This occurred as late as 8, 12, 12 and 60 minutes respectiveb^ after 
injection. In one experiment the regular beating continued throughout 
the faradic stimulation of the ventricles, even when the strength of the 
current had been increased to the point of burning the myocardium. 

^ Aided by the A. D. Nast Fund for Cardiac Research and the Nelson Morris Fund. 
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This heart went into complete standstill on removal of this maximum 
stimulation. 

This “antifibrillation” effect of papaverine hydrochloride was next 
investigated in open-chested, artificially ventilated animals anesthetized 
with nembutal (25 mgm/kilo) or (in 2 cases) vdth ether. The pericardium 
was removed to permit exposure of the heart. Faradic stimulation of the 
ventricles was produced with a Harvard inductorium; the position of the 
secondary with respect to the primary coil was noted in centimeters, the 
secondary being kept parallel to the primary coil; the primary coil was 
activated by 3 volts. In some animals, after production of ventricular 
fibrillation, the aorta and the two venae cavae were completely occluded, 
lea\ang a heart-lung preparation. II^Tienever the heart appeared to be 
too empt}*^ because of pooling of blood in the lungs, the clamp on the in- 
ferior vena cava was released and blood was massaged from the abdomen to 
the heart. The stimulating electrodes were lightly applied to the right 
ventricle near the septum. (No evidence of injury to this region was 
noted.) Stimulation was given for a prescribed period of time vnth the 
middle of the secondary'’ coil 10 cm. from the middle of the primary. 
This strength of stimulus was reapplied 2 times before the current was 
increased by moving the secondary coil 1 cm. nearer the primary. This 
new stimulus was also applied three times and the secondary coil again 
moved 1 cm. The strength of stimulus and, at times, its duration were 
thus progressive!}’’ increased until a ventricular fibrillation was finally 
produced which did not spontaneously disappear after removal of the 
stimulating electrodes. 

In a series of three dogs the papaverine h^’^drochloride was injected 
shortly before the ventricles were fibrillated. 

The first animal was anesthetized with ether. Two cubic centimeters 
of 1:30 solution of the drug were injected into the femoral vein, the circu- 
lation being kept intact. In tliis animal persistent ventricular fibrillation 
did not occur until the secondary coil was within 4 cm. of the primary. 
A control animal, who received no papaverine, developed persistent ven- 
tricular fibrillation when the secondarj’’ coil was 10 cm. from the primaiy- 
In both instances the current was applied for 1 second. 

The second animal was anesthetized with nembutal. A heart-lung- 
head preparation was made b}*" occluding only the blood suppl}’’ to and 
from the lower part of the animal. Six cubic centimeters of 1:120 pa- 
paverine hydrochloride were injected directly into the left ventricular 
cavity. Persistent ventricular fibrillation did not occur until the secondary 
coil was 7 cm. from the primary. In a control hcart-lung-head preparation 
in which no papaverine was given, persistent ventricular fibrillation oc- 
curred following stimulation Avith the secondary coil 9 cm. from the pri- 
mar}'. Again, the duration of stimulation in both cases was 1 second. 
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In the thii-d animal of this series, anesthetized with nembutal, the cir- 
culation was kept intact. Four cubic centimeters of a 1 : 100 solution of 
papaverine hj’-dro chloride were injected into the left ventricular cavity. 
Two applications of faradic stimulation of 2.2 and 2.8 seconds' duration, 
respectively, with the secondary 9 cm. from the primary caused only 
temporary ventricular fibrillation ivith spontaneous restoration of synergic 
beating. The third application of this strength stimulus for 1.8 second 
resulted in ventricular fibrillation. After the fibrillation had lasted for 
more than a minute in this animal, continuous, rapid, manual massage of 
the ventricles was given in order to insure some coronarj''. circulation, and 
2 cc. more of 1:100 papaverine was injected into the left ventricular 
cavity. After 20 minutes the ventricles began to beat regularly.^ 

Then once again the ventricles were fibriUated with a faradic current of 
similar strength and duration to that originally producing fibrillation. 
Massage was immediately instituted and 2 minutes later regular synergic 
contraction had reappeared. 

In another series of three animals the hearts were fibrillated by faradic 
currents of 1,6, 0.8 and 1.6 seconds’ duration, the secondary coil being 10 
cm, from the primary. In the first two fibrillating hearts massage alone 
for 38 and 20 minutes, respectively, was ineffective in restoring synergic 
contractions, even though the massage was adequate to remove the cyano- 
sis and to restore the normal pink color of the heart. Papaverine hydro- 
chloride was then injected into the left ventricular cavity. In the third 
heart the papaverine was injected soon after the fibrillation was established. 

In the first heart, in which 1,5 cc. of 1:100 papaverine hydrochloride 
were injected 38 minutes after ventilcular fibrillation had been induced, 
the massage, continued for another 40 minutes, resulted in the coarsen- 
ing of the fibrillatory waves vdth thick rings passing over the ventricles 
from apex to base, but failed to restore a sjmergic beat. 

In the second heart, in which 3 cc of 1 : 100 papaverine had been injected 
20 minutes after the onset of ventricular fibrillation, normal beating was 

2 Evidence of the arrested circulation appeared soon after ventricular fibrillation, 
in the form of cardiac cyanosis and dilatation. Brisk and rapid manual massage 
(about 100/min.) was found to be effective in restoring at least some circulation, 
since with it the heart progressively became more pink and smaller in size. Slower 
massage was not as effective. Care W'as taken to avoid compression of the circumfle,x 
and left anterior descending coronary vessels in order to permit complete recovery 
of the heart. 

Preceding its disappearance, the fibrillation gradually became coarser and more 
vigorous, individual waves travelling in increasingly greater sweeps across the heart. 
After this stage the ventricles became "knotty” in appearance, little movement being 
seen or felt and then immediately before the synergic beat became established the 
ventricles momentarily showed no activity at all, seeming to be in a systolic stand- 
still. 
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restored after 22 minutes of massage. In the third heart in which the 
same amount of papaverine was injected soon after the fibrillation began, 
S 3 mergic beating was restored after 10 minutes of massage. 

Attempts were made to refibrillate the ventricles in these last two hearts 
after the papaverine had caused a return of S 3 mergic beating. In the 


TABLE 1 

Effect of papaverine hydrochloride on the threshold to induced ventricular fibrillation 


DOG 
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Heart-lung-head 


5 

Nembutal 

HI 

1.6 


Intact circulation 
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Nembutal 

10 

0.8 


Intact circulation 


8 

Nembutal 

10 

1.6 

2 

Intact circulation 


With papaverine* 

2 

Ether 

4 1 

<1 

1 

Intact circulation 

2 cc. of 1:30 intra- 







venously 

4 

Nembutal 

7 

<1 

2 

Heart-lung-head 

1 6 cc. of 1:120 intra- 







cardiact 

6 

Nembutal 

9 

1.8 

3t 

Intact circulation 

6 cc. of 1:100 intra- 







cardiact 

7 

Nembutal 


2.0 

1 

Heart-lung 

3 cc. of 1:100 intra- 


! 





cardiact 

S 

1 Nembutal 


3.2§ 

1 

Heart-lung 

3 cc. of 1:100 intra- 


i 





cardiact 

* Compare dogs 

7 and 8 before and after 

papaverine. 



t Intrjicardiac injections were into the left ventricular cavity. 

X Two previous stimulations at this strength for 2.2 and 2.S seconds; latter lead 
to fibrillation of 30 seconds' duration, recovered from without massage. Third 
stimulation applied minutes after 2nd. 

I This was really ventricular flutter lasting for 30 seconds with spontaneous rc- 
coverv. 


first of these, faradic stimulation for 5 seconds with the secondaiy coil at 
5 cm. caused fibrillation lasting 15 seconds. The ventricles then spon- 
taneously recovered even though no massage was applied. A second 
faradic stimulation of the same strength and of 2 seconds’ duration caused 
only a momentary' fibrillation. A third stimulation of similar strength 
for 5 .seconds led to persi.stcnt ventricular fibrillation. 
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After restoration of sj'^nergic beating witb papaverine in the second heart, 
faradic stimulation for 9 seconds with the secondar}^ coil at 10 cm. failed 
to produce fibrillation; the heart continued to beat synergically, though 
more rapidly throughout the stimulation. This phenomenon ivas observed 
during each of the 5 to 7 second periods of stimulation given thereafter 
as the secondary coil ivas made to approach the primary. However, with 
increasing strength of stimulus, the rate of contraction during stimulation 
periods increased until the ventricular movements finally became flutter- 
like w'hen the secondary coil wrs 5 cm. or less from the primary. When 
the secondary coil ivas 2 cm. from the primary, stimulation of the heart 
for 3 seconds produced fiutter-like contractions of the heart which contin- 
ued for 30 seconds and then without massage disappeared to be replaced 
by synergic contractions. 

The table on page 158 summarizes our experience with the threshold 
to faradicalty induced ventricular fibrillation in these animals. 

Discussion. Papaverine is an opium alkaloid wdth low^ toxicit3^ 
The solution wn used is dissolved in w^ater and has no apparent impurities. 
Some 25 years ago Macht (2) in studying the actions of this drug found that 
it slownd the rate of the mammalian heart, increased its vigour and en- 
hanced coronary flow, in addition to its later better known peripheral 
vascular actions. These cardiac effects appeared to be exerted directlj’- 
on the heart. We have found that papaverine is a powerful and persistent 
direct coronary vessel dilator (3). 

Although spontaneous recovery from ventricular fibrillation has been 
reported in man, e.g., Schw'artz and Jezer (4) and Gertz, Kaplan, Kaplan 
and Weinstein (5), this is not of common occurrence and the known therapy 
is usually ineffectual. Our results suggest that papaverine hydrochloride 
may'- be useful as a prophylaxis of this condition and perhaps as a thera- 
peutic measure when accompanied by massage of the heart. 

The marked coronary dilating action of papaverine and its ability' to 
prevent and abolish ventricular fibrillation may explain the benefits to 
be derived from the use of the drug in pulmonary embolism and in coronary 
disease and angina pectoris. They probably explain the beneficial results 
reported recently by' McEachern, Smith and Manning (16) in dogs follow'- 
ing sudden coronary' closure. 

At present one can only' speculate upon the mode of action of papaverine. 
The slowing and coarsening of the fibrillation seen before its abolition 
suggest that the drug 1, slows the rate at W'hich impulses are transmitted 
in the ventricles; and 2, lengthens the refractory' period of the my'ocardium. 
In view' of the recent obseiwations of Wiggers and Wegria (7) on the low’ 
threshold to fibrillation existing during the vulnerable period of the cardiac 
cy'cle, the greater difficulty in producing ventricular fibrillation after 
papaverine suggests that the drug raises the threshold of \'ulnerability. 
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SUMMARY 

1. Papaverine hydrochloride, in addition to being a powerful coronary 
vasodilator, also considerably decreases the ease with which ventricular 
fibrillation is induced in the dog by faradic stimulation. 

2. In its presence, idgorous massage of the heart restores a regular 
synergic beating to ventricles which have been in fibrillation. 

3. These actions of the drug permit its application therapeutically and 

prophjdactically, not only where marked protracted coronary dilatation is 
desirable but also in conditions which are apt to lead to ventricular fibril- 
lation. ■ ■ 

We are indebted to Dr. K. K. Chen of Eli Lilly & Company for supplying 
us with the papaverine hydrochloride. 
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Since glycine has been reported by some authors to be beneficial in 
the treatment of certain muscular diseases several papers have appeared 
concerning its effect upon muscular fatigue in normal people. Boothby 
(1934) and Wilder (1934) have reported that glycine tvill decrease fatiga- 
bility in normal men. "WTiile glycine is a common constituent of protein 
foods it is usually present only in low concentrations. Gelatin, which is 
25 per cent glycine, may therefore produce different effects from other 
proteins. Gelatin has been reported by Ray, Johnson and Taylor (1939) 
and by Kaezmarek (1940) to increase by more than 200 per cent the work 
output of men working to exhaustion on a bicycle ergometer. Ray et al. 
found that the performance of women in the bicycle experiments was not 
affected by gelatin and their women subjects improved only slightlj'’ with 
training. Their data show an unusuall}'’ great difference in the power of 
men and women subjects. Kaezmarek (1940) reported that 12 guls 
improved 500 per cent in 4 weeks under the influence of 43 grams of gelatin 
per day. These authors suggest that the effect of gelatin is related to a 
creatinogenic action of the glycine. Hellebrandt, Rork and Brogdon 
(1940) carried out experiments similar to those of Ray et al. using adult 
women as subjects. The effects of ti’aining were great but those of gelatin 
were negligible. The work output of their female subjects exceeded that 
of the men used by Ray and associates. 

This work was undertaken in ^dew of these contrasting reports. In 
addition to measurements of perfoimance in exhausting work we have 
incorporated a number of objective tests to meet the contention that 
psychological factors may have influenced performance. If gelatin in- 
fluences the capacity for intense work of short duration it must do so by 
increasing the rate at wliich O 2 can be supplied to the tissues, or the amount 
of energy from anaerobic sources available for the work, or the efficiency 
with which the work is done. Tests were designed to measure all of these 
functions. 

Nine non-athletic college men, ages 18 to 22, were used as subjects in the 
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study. Since the work consisted of walking and running on a motor 
driven treadmill and of timed races on the track, the subjects were trained 
by a regular and carefully supervised running program which continued 
for 26 weeks. A description of the subjects and the conditions of training 
have been pre\dously reported (Robinson and Harmon, 1941). The 9 men 
were di^nded into two groups. The 6 men of group I took 60 grams of 
gelatin each day from the 9th through the 15th week of the training period 
and the 3 men of group II took the same amount of gelatin from the 15th 
through the 21st week. The gelatin was suspended in water and given at 
meal tunes under the super\dsion of an assistant in our laboratory. It 
was expected that any effects produced by gelatin would be revealed in 
the curves of performance for the gelatin and non-gelatin groups. 

Observations in the laboratory were made on the men before training 
started and at regular intervals during the training period. A. Efficiency 
was tested in two different grades of aerobic work on a motor driven tread- 
mill: 1. A standard 15-minute walk at 5.6 km. per hour on a grade of 8.6 
per cent, expired air for measuring O 2 consumption being collected from the 
8th through the 14th minute. 2. A 10-minute rim on the level at a 
moderate pace which was 12.9 km. per hour for 7 of the men and 14 km. for 
the two best runners; metabolism was measured from expired air collected 
from the 6th through the 10th minute of the run. B. The maximal capacity 
of the men for supplying O 2 to the tissues and their ability to utilize an- 
aerobic energy in severe work were tested on the treadmill by exhausting 
runs of 3 to 5 minutes’ duration. During the training period as a man 
became able to complete 5 minutes of the exhausting run the grade or 
speed or both were increased for him in the next test in an attempt to 
keep the work just severe enough to exhaust him in 4 to 5 minutes, his 
goal being to complete the 5 minutes. Metabolism was measured from 
expired air collected in a 500 1. gasometer during the run, records of 
respiratory volume being made for each minute. Samples for analysis 
were collected from a mixing chamber in the expiratory tube concurrently. 
Air exphed during the first 15 minutes of recovery was collected in Douglas 
bags. Oxygen used in excess of the resting level during this time gave a 
direct measvne of a considerable fraction of the O 2 debt and probably 
included all of the “alactacid oxygen debt”. The extent to which the 
lactic acid mechanism was utilized was measured by lactic acid concentra- 
tion in venous blood drawn 5 minutes after the end of work. This gives 
an objective measure of the state of exhaustion of the subject. C. Total 
nitrogen and creatinine excretions were determined before training started, 
immediately before gelatin was started, just before the ends of the gelatin 
periods, and finally at the end of the training period. Each value reported 
represent.s the average of throe consecutive 24-hour urine samples. Basal 
metabolism was also determined at these times by collecting expired air in a 
spirometer. 
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Creatinine was analyzed by the method of Folin (1914) modified for 
the photoelectric colorimeterj total nitrogen in urine by the Kjeldahl 
method, and gas samples were analyzed on the Haldane apparatus. The 
other anal}’iical procedures used have been described by Eobinson and 
Harmon (1941). 





Fig. 1. Times of the weekly races on the track. The group averages in the various 
distances show no effect of gelatin but consistent improvement with training. 

Results. Performance in races on the track served to measm-e changes 
in the capacities of the men for severe work. Rivalries between men of 
about equal ability were encouraged to motivate performance and they 
became very keen in most cases. Figure 1 gives the average results of the 
weekly races for the two groups and shows the intervals at which the vari- 
ous distances were rim. Improvement vdth training in aU distances was 
consistent. In most instances the men ran the races in a group and thus 
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were exposed in equal measure to adverse weather conditions, etc. — this 
probably accounts in part for similarity in the variations of the means of 
the two groups. For instance the final times in the mile run were no better 
than in the preceding trial at this distance because of a high wind which 
slowed up performance on the final daj^. It is e\ddent from the mean 
values plotted in figure 1 that gelatin did not influence the rate of improve- 
ment of the men. The report that it increases the anaerobic release of 
energ}’- indicates that performance in the shorter rims should have been 
improved and yet we find no differences there in favor of the gelatin periods. 
Our results are at complete variance with those of Ray and associates and 
of Kaczmarek. 

Metaholisin in exhausiing work. In the exhausting runs of 4 to 5 minutes’ 
dm-ation the O 2 debt and O 2 consxunption during work were of about equal 
importance to the men as sources of energJ^ We have no reason to beheve 
that gelatin would affect a man’s capacity for O 2 consumption but since 
that is an important limiting factor in work of this type and might be 
influenced by training we measured it in the exhausting runs on the tread- 
mill. In these experiments we found that men approached their maximal 
rates of O 2 consumption in the thh*d minute and made onl}’’ shght increases 
in the 4th and 5th minutes of work. Figure 2 shows the average maximal 
O 2 intake of the two groups of subjects in relation to the training and gelatin 
periods. At first the men, under the influence of training, made rapid 
improvement in their ability to consume O 2 and in general continued to 
improve until the end. The total increase averaged about 16 per cent. 
Group I showed no change in the rate of improvement which can be attrib- 
uted to gelatin and finally attained its highest average 9 weeks after 
gelatin was stopped. Group II composed of only 3 men showed greater 
variability of the mean values than group I but ultimately attained its 
highest average value 5 weeks after gelatin was stopped. These men were 
in a slump at the time they started gelatin so we cannot attach any sig- 
nificance to their rapid rise in the latter part of the gelatin period partic- 
ularly since the 6 men of gi'oup I had a decline during the last part of their 
gelatin period. We conclude that improvement in the supply and utiliza- 
tion of O 2 was unaffected by gelatin. 

If gelatin has a creatinogenic action it might possiblj’’ exert a beneficial 


Fig. 2. Group averages of maximal Oj intake during the exhausting runs on the 
treadmill. 

Fig. .S. ICxccss Oj intake above the resting level (Oi debt) during the first 15 min- 
utes of rccoverj- after running to exhaustion on the treadmill. 

Fig. 4. Group averages of blood Lactic acid .5 minutes after running to exhaustion 
on the treadmill. 

Fig. ,5. Group averages of blood sugar 5 minutes after running to exhaustion on the 
treadmill. 
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influence in this type of work by increasing the “alactacid oxj^gen debt” 
which, according to Margaria, Edwards and Dill (1933), is repaid during 
the first few minutes of recovery and is probably associated Avith the 
breakdowm and resynthesis of phosphocreatin and perhaps with other 
anaerobic processes besides the lactic acid mechanism. Thus our measure- 
ment of excess O 2 intake above the resting level during the first 15 minutes 
of recover}’- Avould include all of the alactacid oxygen debt and a good part 
of that involving the lactic acid mechanism. Figure 3 shows that the 
magnitude of this excess O2 consumption in earl}’- recovery increased during 
the first two-thu’ds of the training period with no changes which could 
be attributed to gelatin. The increases and variations of the means 
correspond closely Avith changes of lactic acid in blood draAAm 5 minutes 
after the runs (fig. 4). This is to be expected since the major part of the 
maximal O2 debt is related to the lactic acid mechanism. Fh’-e minutes 
after exhausting work of short duration lactic acid has become uniformly 
distributed betAveen tissues and blood according to eAudence preAuously 
cited (Robinson and Harmon, 1941). It is eAudent from figure 4 that 
gelatin had no effect on the abihty of the men to utilize the lactic acid 
mechanism for contracting an O2 debt. 

The elevation of blood sugar above basal after the exhausting runs on 
the treadmill was not affected by gelatin (fig. 5 ). 

Efficiency in submaximal work. A study of the efficiency in running 
Avas made by measuring the O 2 consumption during the last 4 minutes of a 
moderate run of 10 minutes’ duration in Avhich the men could approach a 
steady state and supply the energy aerobically (table 1). In the test 
before training \A’as started it is probable that most of the men were not 
doing all the Avork aerobically because the average apparent R.Q. in the 
metabolism period was 1.03 indicating that they Avere producing some 
lactic acid and displacing CO2 from the alkaline reserve (table 1). The 
blood lactates 5 minutes after AA^ork aA’^eraged 77 and 69 mgm. per cent in 
the two groups at this time and the rates of O2 consumption AA’ere about 
90 per cent of the maximal values Avhich the men could attain. After 4 
weeks of training only 2 of the men had R.Q. values above unity and the 
lactate aA’eragcs had dropped to 56 and 63 respectively. Rates of O 2 
consumption in the tests after this probably measured the total energy 
requirement for the run. Even though the initial O 2 consumption may 
haA'c been somewhat loAver than the actual O 2 requirement for the run the 
9 men made an aA’erage iraproA’-ement of about 8 per cent by the 11th 
AA'cok of training. One of the indiAuduals AA’ho aa’ds moderately skilled at 
first made no improA’ement on this test. Both groups shoAved a small loss 
of efficiency in the last test from a plateau AA-hich they had attained pre- 
Anously. The data in table 1 shoAv that gelatin had no effect on the efficiency 
in this test. 
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Since it has been claimed that fatigue in carrying out daily duties is 
greatly affected by the use of gelatin we measured the mechanical efficiency 


TABLE 1 

Mean values of metabolic adaptations to the walk at 5.6 km. per hour on a prade of 8.6 
per cent and to the 10-minute run on the level 



StTBJECTS 1 

1 

1 

i 

BEFORE 

TKAIN- 

INQ 

AFTER 

4 -WEEKS 

TRAIN- 

ING 

AFTEK 1 
11 WEEKS 1 
TKAININQ 

AFTER 

18-21 

YTEEKB 

TRAINING 

AFTER 

25-26 

•WEEKS 

TRAINING 

Mechanical efficiencyt in grade f 


17.0 

17.3 

17.5* 

17.2 

17.5 

walking \ 


16.0 

18.2 

17.8 

17.5* 

18.2 

O 2 consumption in 10-minute f 

6 men 

48.8 

46.9 

44.3* 

43.7 

44.5 

run, cc. per kgm. per min. \ 

3 men 

46.9 

45.5 

43.9 

45.2* 

46.1 

R.Q. in lO-minute run | 

6 men 

1.03 

0.97 

0.95* 

0.94 

0.94 

3 men 

1.03 

1.00 

1.00 

0.97* 

0.96 

Blood lactate in 10-minute run, ( 

6 men 

76.6 

55.7 

44.6* 

30.7 

31.4 

mgm. per cent \ 

3 men 

68.5 

62.7 

53.4 

45.5* 

43.0 


* Values recorded during the period of gelatin feeding. 

Work X 100 

■f M.E = - - ■■■ — . 

(Total energy) — (Basal energy) 

Work = grade lift in walking on the treadmill expressed as Cal. 

The total and basal energy exchanges vi'ere calculated in Cal. from the Oj 

consumption. 


TABLE 2 


Mean values of basal metabolism and the daily urinary excretion of total nitrogen 

and creatinine 



SUBJECTS 1 

BEFORE 
TRAIN- 1 
ING 

1 

AFTER 

8 WEEKS 
TRAIN- 
ING 

AFTER 1 

14-15 

WEEKS 

TRAINING 

AFTER i 
20-21 
WEEKS 
TRAINING 

AFTER 

25-20 

WEEKS 

TRAINING 

Basal metabolic rate — Cal. per f 


42.6 

42.2 

41.7* 

40.4 

41.7 

M*. per hr. \ 


39.8 

43.3 

40.7 

41.6* 

42.5 

Total N in urine — grams per 24 f 

6 men 

10.8 

11.3 

18.2* 

10.4 

12.1 

hrs. \ 

3 men 

10.9 

11.7 

[ 11.8 

1 

1 18.4* 

11.2 

Creatinine in urine — grams per ( 

6 men 

1.57 

1.59 

i 1.65* 

1.54 

1.49 

24 hrs. \ 

3 men 

1.54 

1.73 

1.68 

1.62* 

1.58 

Creatinine coefficient | 

6 men 

3 men 

9.3 

8.7 

9.3 

9.4 

9.6* 

9.1 

8.9 

8.8* 

8.7 

8.7 


* Values recorded during the period of gelatin feeding. 


of the men in grade walking on the treadmill (table 1). The men were no 
more efficient during the gelatin periods than at other times and there was 
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very little training effect. It should be recalled that the training program 
was in running and did not increase the amount of walking done by the 
men. There were no changes of R.Q. or lung ventilation in the walk which 
could be related to gelatin or training. Blood lactic acid in the walk 
declined slightly with training. 

Other metabolic processes. Table 2 shows the changes in basal metabolic 
rate, total nitrogen and creatinine metabolism. The basal metabolism was 
not affected by training or by gelatin. The subjects all took their meals 
at the same place and the daily diet was rather low in protein. While 
they were taking gelatin they showed marked increases in the total nitrogen 
excreted in the urine per day. The restricted protein content of their 
diet should have given a favorable basis for demonstrating favorable in- 
fluences of additional protein. 

The daily excretion of creatinine increased slightly in the first pai’t of 
the training period and then declined again in the latter part. There 
were no significant differences dm’ing the gelatin periods. The early 
increase may have been associated with the building up of muscle tissue 
because the men made moderate gains in weight dining this period. Their 
weight showed no consistent change during the latter half of the training 
period which indicates a steady state in so far as muscle growth is con- 
cerned. We have no explanation for the decline of creatinine excretion 
at the end. 


SUMMARY 

1. Nine non-athletic men were trained for running during a period of 26 
weeks. Six of them took 60 grams of gelatin a day from the 9th through 
the loth week of training and 3 took the same amount of gelatin from the 
15th through the 21st week. 

2. Changes associated with training were: consistent improvement in 
timed races on the track; an average increase of 16 per cent in the maximal 
O 2 consumption during exhausting woi’k; an increase in the lactic acid 
mechanism for contracting an O 2 debt; ah improvement of 8 per cent in 
efficiency in running; and a slight increase in the excretion of creatinine 
during the first part of the training period. 

3. The training had no effect on the basal metabolism and caused only 
a slight rise of efficiency in gi’adc walking. 

4. None of the above functions were affected by gelatin. Neither the 
“alactacid oxygen debt” nor the lactic acid mechanism was affected b}’’ 
gelatin. 
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to the Koso.arch Committee of the Edible Gelatin Manufacturers of America 



EFFECTS OF TRAINING AND OF GELATIN ON MUSCULAR WORK 169 


for financial support. Aline H. Robinson has given much help in writing 
the article. 


REFERENCES 

Boothby, W. M. Proc. Staff Meetings Maj’’o Cl. 9: 600, 1934. 

Folin, O. J. Biol. Chem. 17: 469, 1914. 

Hellebrandt, F. a., R. Rork and E. Brogdon. Proc. Soc, Exper. Biol, and Med. 
43: 629, 1940. 

Kaczmarbk, R. M. Research Quart. 11: 283, 1940. 

Margaria, R., H. T. Edwards and D. B. Dill. This Journal 106: 689, 1933. 

Ray, G. B., J. R. Johnson and M. M. Taylor. Proc. Soc. Exper. Biol, and Med. 
40: 157, 1939. 

Robinson, S. and P. M. Harmon. This Journal (in press) 1941. 

Wilder, R. M. Proc. Staff Meetings Mayo Cl. 9: 609, 1934. 



THE EFFECTS OF CARBON MONOXIDE ANOXEMIA ON THE 
FLOW AND COMPOSITION OF CERVICAL LYAIPH^ 

FRANK W MAURER 

From the Department of Physiology, Harvard School of Public Health, Boston, Mass. 

Received for publication March 11, 1941 

This report consists of observations on the effects of anoxemia caused 
by the inhalation of carbon monoxide, and is a continuation of a previous 
report concerning anoxemia due to the inhalation of air deficient in oxygen 
and its effect on the production of lymph (Maurer, 1940). 

The work of Campbell (1929) on the pathological effects of prolonged 
exposure to carbon monoxide and to very low oxygen tensions suggests that 
these agents may affect the production of capillary filtrate and subsequently 
of lymph. In his book. Carbon monoxide asphyxia, Drinker (1938, p. 147) 
quotes the work of Mayers (1930), who showed that garage workers who 
arc more or less constantly exposed to low concentrations of carbon monox- 
ide suffered from headache, tremors, increased reflexes and emotional 
instability. Drinker states that all of these effects were probably expres- 
sions of slight degrees of edema in the central nervous system. He also 
states (p. 156) that about one-third of all carbon monoxide poisoning 
cases show edema of the lungs, which is probably due to the effects of 
anoxemia on the lung capillaries. He believes, too, (p, 123) that the 
cerebral edemas resulting from carbon monoxide poisoning are due to the 
effects on the cerebral blood vessels of oxygen lack, which goes hand in 
hand with carbon monoxide poisoning. Yant, Chornyak, Schrenk, Patty 
and Sayers (1934) have also demonstrated that exposure to carbon monox- 
ide caused marked cerebral edema in do^. 

The present paper deals with the result of nine experiments (eight dogs 
and one cat) during which the animals were first exposed to 0.5 per cent 
carbon monoxide in air and then to 100 per cent oxygen. 

Experimental technique. All of the experiments were performed on 
healthy young adult animals under nembutal anesthesia (40 mgm. per 
kgm. intravenou-sly). Cervical lymph was collected continuously by 
means of the “nodding dog” technique described by McCarrell (1939). 

Pure CO was prepared by dropping concentrated formic acid into 

^ Tills investigation was aided by the Miriam Smith Rand Fund. The oxygen and 
compressed air used tliroughout this work were furnished through the courtesy of 
Tiic 1/mdc Air Products Comp.any. 


170 



CARBON MONOXIDE ANOXEMIA AND CERVICAL LYMPH 


171 


concentrated arsenic-free sulphuric acid. The gas was passed first through 
a strong solution of sodium hydroxide, then through distilled Avater, and 
was collected in a large spirometer over water after Avhich it was compressed 
into a steel cjdinder to a pressure of 250 pounds per square inch. 

The gas mixture used in the experiments was prepared by venting first 
carbon monoxide and then compressed air into calibrated 80-litre spi- 
rometers, in such quantities that the resulting mixture contained 0.5 per 
cent CO. This mixture was delivered to the animal by means of a res- 
ph’ation pump at the rate of 14 insph'ations per minute. 

Arterial blood pressure was recorded by the usual mercmy manometer. 
Blood samples were collected from the femoral artery and were analyzed 
in the Van Slyke gas analyzer for O 2 , CO 2 and CO, the latter being absorbed 
by Winkler’s cuprous chloride solution in a Hempel pipette. The details 
of the carbon monoxide analysis are given by Peters and Van Slyke (1932, 
pp. 330-336). Other experimental details were the same as those of the 
low ox 3 '-gen and high carbon dioxide experiments previously described 
(Maurer, 1940). 

Results. Effects on lymph flow. It ivas found that the flow of cervical 
lymph increased during exposure to the 0.5 per cent CO-air mixture. 
Figure 1 illustrates the details of a typical experiment and will be referred 
to from time to time throughout this paper. 

Ljrniph flow was recorded in eight dogs and one cat during exposure to 
the carbon monoxide mixture. In each experiment the flow of lymph 
showed a marked increase, the average being 2.42 times the control flow, 
and the range being from 1.43 to 7.5 times the control flow. The extent of 
the increases in the individual experiments is shoAvn in the last column 
of table 1. On comparing these increases with those observed during 
exposure to Ioav oxygen (table 3), one immediately notes the close agree- 
ment in the changes of lymph flow resulting from these two different 
methods of producing anoxemia. 

The length of exposure to the 0.5 per cent CO-air mixture necessary to 
bring about increase in cervical lymph flow varied somewhat from animal 
to animal. In table 1 are recorded the lengths of exposure required by 
each animal to produce the changes in lymph flow which were observed. 
The first column of this table shoAvs the time at Avhich the Aoaa' of lymph 
began to increase, indicating therefore the point at AA'^hich capillary perme- 
ability began to increase. The second column shoAA's the time at which 
the increase in lymph floAV became greatest, as, for example, the midpoint 
dui’ing carbon monoxide exposure in figure 1. The flow curve at this 
point turns sharply upAvard, marking the beginning of the period during 
which capillary permeability Avas at its maximum. The third column 
shows simply the time at which the flow of lymph had reached its highest 
point. 
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In the experiment illustrated in figure 1, it is seen that the attainment 
of maximum lymph flow was almost simultaneous with the collapse of 



Fig. 1. Cervical lymph flow, percentage of lymph protein, output of lympli 
protein in milligrams per minute, blood gases and arterial and venous blood pressures 
of a dog exposed successively to room air (control), 0.5 per cent CO, and 100 per 
cent O:. 

the circulation. Such was the case in five of the experiments. In four 
ot her experiments, in which it was possible to continue carbon monoxide 
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exposure beyond the point at which maximum lymph flow was attained, 
it was observed that the flow was not maintained at the peak level even 
though carbon monoxide continued to be administered, but reversed itself 
sharply and had considerably diminished before the circulation showed 
signs of failure. In this respect also the effect of carbon monoxide parallels 
the effect of exposure to low oxygen (Maurer, 1940). It has aheady been 
pointed out in the low oxygen paper that this reversal of lymph flow was 
undoubtedly caused by the increase in colloid osmotic pressure of the blood 
serum resulting from the great loss of fluid expressed as increased lymph 
production. 

Oxygen saturation in relation to lymph flow. Table 2 shows the oxygen 
and carbon monoxide saturation of the arterial blood of the nine animals 

TABLE 1 


Exposure to O.B per cent carbon monoxide necessary to change cervical lymph flow and 

magnitude of the maximum increase 


DOa NO. 

INCREASED FLOW 

STEEPEST FLOW 

1 MAXIMUM FLOW 

Exposure 

Exposure 

Exposure 

Increase over 
normal 


minutes 

minutes 

minutes 

times 

1 

10 

20 

35 

1.8 

2 

20 

20 

35 

1.6 

3 

5 

15 

25 

1.9 

4 

30 

40 

45 

1.6 

5 

10 

10 

30 

7.5 

6 

20 

20 

40 

1.6 

7* 

5 

10 

20 

2.1 

8 

10 

15 

20 

2.3 

9 (cat) 

10 

10 

20 

1.4 

Average 

13 

18 

30 

2.4 


* This is the experiment shown in figure 1. 


on which the flow of lymph was recorded. It will be noted in this table 
that the sum of the oxygen and carbon monoxide saturations at any given 
state of lymph flow is in most cases greater than 100 per cent. This is 
undoubtedly due to the fact that during CO poisoning the spleen contracts 
and expels a considerable quantity of red cells into the circulating blood in 
an effort to reduce the proportion of CO hemoglobin in the general circu- 
lation (de Boer and Carroll, 1924; Campbell, 1932; Naismith and Gra- 
ham, 1906). 

It is interesting to note the values for the average oxygen saturation in 
this group of experiments. The close similarity of these figures to those 
obtained during exposure to low oxygen (table 3) is especially striking. 
This remarkable parallelism of oxygen saturation in the two series of experi- 
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ments brings out quite clearly that the effect of carbon monoxide, at least 
in regard to the flow of lymph and therefore the penneability of the capil- 
laries, is in all probability not due to the presence of carbon monoxide in 

TABLE 2 


Relalion of cervical lymph flow to oxygen and carbon monoxide saturalion of 

arterial blood* 


DOG KO. 

I 

INCREASED PLOW 

STEEPEST FLOW 

1 

MAXIMUM FLOW 

1 

0: saturation 

CO satura- 
tion 

Oj saturation 

CO satura- 
tion 

Oj saturation 

CO satura- 
tion 


per cent 

per cent 

per cent 

per cent 

per cent 

per cent 

1 

75.7 

30.0 

48.6 

59.5 

16.2 

97.3 

2 

48.8 

58.5 

48.8 

58.5 

14.6 

92.6 

3 

81.0 

19.0 

52.4 

52.4 

23.8 

80.9 

4 

40.0 

70.0 

20.0 

95.0 

15.0 

100.0 

5 

64.1 

33.3 

64.1 

33.3 

33.3 

71.8 

6 

42.4 

66.7 

42.4 

66.7 

18.1 

97.0 

7t 

73.7 

26.3 

52.6 

47.3 

21.0 

78.9 

8 

55.3 

51.1 

30.0 

76.6 

1 17.0 

93.6 

9 (cat) 

64.3 

28.6 

64.3 

28.6 

28.6 

71.4 

i 

Average. . . 

60.6 

42.6 

47.0 

57.5 

20.8 

87.1 


* Carbon monoxide saturation is calculated on the basis of the normal blood 


oxj'gen content of each animal. 

t This is the experiment shown in figure 1. 

TABLE 3 


Relalion of cervical lymph flow to blood oxygen saturation and altitude {Maurer, 1940) 


EXPERIMENT 

j INCREASED FLOW 

STEEPEST FLOW 

MAXIMUM mow 

Oj saturation 

Altitude 

Or saturation 

Altitude 

Os saturation 

Increase 
over normal 



per cent 

feci 

per cent 

feci 

per cent 

times 

1 

70.7 

18,500 

46.3 

>20,000 

14.6 

3.3 

2 

76.7 

16,500 

62.5 

>20,000 

17.0 

3.2 

3 

82.6 

14,000 

75.9 

17,000 

69.0 

3.9 

4 

69.8 

19,000 

40.7 


12.5 

1.8 

5 

74.5 

17,500 

45.2 


36.0 

1.6 

6 

75.5 

17,000 

44.3 

Emm 

13.0 

2.6 

Average.. . 

75.0 

17,000 

52.5 

>20,000 

27.0 

2.7 


the blood per se, but to the low oxygen saturation resulting directly from 
the high carbon monoxide content. This finding is in accord with the 
work of Haldane and Smith (1896), who stated that the effects of CO 
poisoning were due to oxygen deprivation and not to the CO itself. They 
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believed that carbon monoxide acted only as an inert gas, such as nitrogen, 
and aside from rendering the hemoglobin incapable of carr 3 dng oxygen, it 
had no other effect. Haggard (1921), in studying the effects of CO 
asphyxia on the heart, suggested likewise that this gas exerted no toxic 
action but that the effects observed were due to anoxemia alone. 

Carbon dioxide content of the blood. In the experiment of figure 1, the 
CO 2 content of the blood remained practically constant during the period 
of exposure to carbon monoxide, but fell approximatelj’- 4 volumes per 
cent during the five minutes directly following. In each of the other 
eight experiments of this series, the CO 2 content of the blood decreased 
considerably as the carhon monoxide content increased. In fact, the 
decrease of the CO 2 in five instances was as great as the decrease of the 
oxygen content. In the whole series of experiments, the extent of the 
CO 2 decreases ranged from 3 volumes per cent to 24 volumes per cent. 

Haggard and Henderson (1921) have shorni that as carbon monoxide 
poisoning progressed the CO 2 content of arterial blood decreased along 
with a marked increase in the respirator}’- volume. They pointed out at 
the same time that the CO 2 combining power of the blood also diminished 
somewhat. Drinker (1938, p. 27), in discussing this report, remarked that 
the fall of CO 2 was due to the increased respirator}'- volume and the conse- 
quent blowing-off of CO 2 . In the present series of experiments, however, 
the animals were rendered incapable of voluntary respiration by the 
administration of curare in order that lymph flow would not be affected 
by the excessive muscular movements which accompany asphyxia. At 
the same time the respiratory rate and volume remained constant since 
respiration was controlled by a mechanical respiratory pump. Even so, 
six of these animals showed marked decreases (6 to 24 volumes per cent) 
of their arterial CO 2 content, the other three shovdng smaller decreases 
(3 to 4 volumes per cent). This observation suggests, in agreement -vsdth 
the work of Kamei (1931), that though hyperventilation may be observed 
in many instances, it may not be “solely responsible for the decrease of 
the carbon dioxide content of the arterial blood in an animal intoxicated 
by means of carbon monoxide.” It is entirely possible that the CO 2 
as well as the O 2 content of the blood is decreased as a result of the forma- 
tion of CO hemoglobin and the consequent loss of CO 2 combining power, 
or, as Kamei suggests, the CO 2 decrease may be the result of acidosis which 
may accompany CO poisoning. 

Lymph protein. Total protein was determined by means of the Zeiss 
dipping refractometer calibrated against known samples of dog serum 
and lymph. The data are in agreement with findings reported many times 
from this laboratory, and with observations on the effects of low oxgen 
and high carbon dioxide (Maurer, 1940), namely, that with increased 
lymph flow the percentage of lymph protein decreases while the protein 
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output in milligrams per minute increaseSj and that these values return to 
normal as flow returns to normal. . The experiment of figure 1 is typical 
of the results obtained. Though serum protein was not followed in this 
particular experiment, other experiments of this series showed a decreasing 
percentage of serum- protein accompanying the increased output of Ij’-mph 
protein Avhich alwaj^s occurred during the periods of increased lymph flow. 

Arterial and venous blood pressures. The arterial pressure curve of the 
experiment, in figure 1 is quite t 3 q)ical of the eight dog experiments 
performed. In one instance, however, the rapid fall of pressure was 
preceded by a slow rise of 10 mm. of mercury during the fii'st ten minutes 
of exposure to carbon monoxide, after wliich the pressure fell sharplj'- as 
in figure.. 1. 

' Observations of the arterial pressure of five cats (including the cat of 
the present series) during exposure to 0.5 per cent CO revealed pressure 
curves like that of figure 1 in only two cases. The other three cats 
showed much the same sort of curves that are seen on exposure to low 
oxj’-gen, namely, a sharp initial increase of 20 to 30 mm. of mercury, 
lasting for onl}’- a brief interval and followed b}*^ an immediate sharp fall. 

Venous pressure was recorded in the external jugular vein during four 
of the dog experiments. The venous pressure in figure 1 shows no change 
during the period of. carbon monoxide exposure. During the other three 
experiments there were increases in venous pressure ranging from 0.3 to 
0.8 cm. of saline, the greater part of the increase occmring toward the 
end of the period of exposure. It seems hardly possible that the changes 
observ’’ed in arterial or venous pressures could be responsible in any way 
for increased lymph flow (hlaurer, 1940). 

Recovery with 100 per cent oxygen. In each of the experiments inhalation 
of CO was continued until the arterial blood pressure had reached a dan- 
gerously’- low level, at which time each animal was exposed to 100 per cent 
O 2 . Three of the animals (all dogs) did not respond to this treatment, the 
exposure to CO ha^^ng progressed to the point of complete collapse of 
the circulation. The other animals, however, responded to this treatment 
more or less adequately. 

The seven animals which survived exposure to CO and which were 
treated with 100 per cent O 2 may be dmded into two groups. In the first 
group, consisting of three dogs and the cat, oxygen treatment was begun 
when h’mph flow had reached its peak. The reason for this coincidence 
lies in the fact that it was at this particular point that circulatory collapse 
was imminent, and that in order to continue the experiment oxy’-gen treat- 
ment had to be initiated. The experiment of figure 1 is ty'pical of this 
group in this respect. In each of the four c-xperiments of group 1, ly^ph 
flow was immediately reversed and fell throughout the remainder of each 
experiment until the rate of flow had reached the normal value or slightly 
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below tlie normal. The length of time from the beginning of oxj’^gen 
treatment until the flow had reached the. control le^"el ranged from 17 to 
30 minutes. In figure 1 the flow decreased sharply, reaching. the control 
level within 30 minutes, but continued, with the exception of one slight 
upward fluctuation, to fall until it was considcrabl}' below the control 
level after 65 minutes of oxj’gen inhalation. 

In the second group, consisting of three dogs, the flow of bmph had 
reached its maximum point and had fallen approximatelj' half the, distance 
to the control level before there was. any danger of circulatorj^ .collapse. 
O.xygen treatment did not begin in these animals, therefore, until 6 to. 25 
minutes after maximum flow had been attained. In each animal bmph 
flow, continued to decrease during the inhalation of oxj'-gen until it had 
fallen to, or slightb’’ below, the control level. ; .... j. . 

With respect to lympb flow alone, it would be difficult to. state whether 
or not the inhalation of 100 per cent O 2 had an 3 '^ beneficial , effects m anj'^ 
of the animals of either group. In the animals of. group 2, b'niph flow 
had alreadj' decreased considerabb’’ before oxj'^gen inhalation had begun, 
probabl}^ as the natural result of the increased osmotic pressure which must 
necessarily have followed the great loss of fluid from the circulating blood 
during the period of increased b^nph flow. However, it is certainly,- true 
that not a single one of the seven treated animals, especialb" those of 
group 1, would have suridved had oxj^gen therap}’- not been instituted when 
the arterial blood pressure had become dangerouslj’' low. Whether or not, 
then, the return of b^niph flow to normal depended upon anj^ beneficial 
effect exerted bj'’ the oxj^gen, it can be stated that undoubtedb’" it . was 
exceedingly beneficial in prolonging the lives of these anhnals. 

Certainlj’- without the aid of oxygen, circulation ivould have been restored 
in none of these animals. Depending on the depth of the CO asphjoda, 
arterial blood pressure increased more or less rapidly. In most instances, 
of Avhich figure 1 is again a tjTiical example, arterial pressure returned to 
or nearb’’ to normal Avitliin the first five minutes of oxj’-gen inhalation. . .In 
one experiment blood pressure remained at a A’^eiy low level for nearly, an 
hour vdth only a A’^ery slight increase during that time, and then rose to 
normal onb’’ after a trace of ephedrine AA^as given intravenously. FoIIoaa^- 
ing this injection the pressure remained noimal until the expeiiment AA^as 
terminated an hour and a half later. . - 

• In eA'-erj’- case oxj'-gen saturation began to increase immediately, and had 
become normal in from 40 to 95 minutes. In most instances the oxygen 
content of the arterial blood aa^rs someAvhat higher than the content of the 
normal control blood. This increase of oxj'-gen saturation OAm’ normal 
has already been explained as the result of the expulsion of red cells from 
the spleen into the cnculating blood during the course of carbon monoxide 
poisoning. 
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The CO content of the blood began to decrease immediately wth the 
beginning of oxygen inhalation. This decrease was more rapid in some 
animals than in others. After from 40 to 95 minutes most of the CO had 
been given off, there remaining only 1 to 2 volumes per cent. These last 
1 or 2 volumes of CO were given off exceedingly slowly, for even though 
the inhalation of oxygen continued another two hours, there still remained 
traces of CO in the blood. 

As a general rule, the CO 2 content of the blood was restored to normal 
somewhat more slowly than was the O 2 content, though with one or two 
exceptions it had been completely restored before the experiments were 
terminated. 

Discussion. There can be little doubt that poisoning with carbon 
monoxide causes capillary damage and that this damage is expressed in 
increased lymph production. 

At the same time, after comparing the effects of carbon monoxide and 
low oxygen anoxemias on lymph production, it seems entirely reasonable 
to believe that carbon monoxide brings about such changes only by dimin- 
ishing the oxygen-carrying capacity of hemoglobin. It is not too remark- 
able, therefore, that these two different types of anoxemia should show 
increased lymph production at so nearly the same levels of blood oxygen 
saturation. 

Even though treatment with 100 per cent oxygen is accompanied by the 
return of lymph production to normal levels, it cannot truly be said that 
the oxygen was responsible, and it cannot be denied that lymph flow 
would very likely have returned to normal due to the influence of other 
factors. Certainly, oxygen was beneficial in restoring arterial blood 
pressure, and at the same time was responsible for the return to normal 
of the blood gases. 

The author wishes to take this opportunity to thank Dr. Cecil K. Drinker 
for suggesting this problem and for his helpful advice and criticism through- 
out the work; and also to thank Miss Anne C. Messer for technical assist- 
ance with gas analysis. 


SUM^tARY 

Experiments are reported in which exposure of dogs and cats to 0.5 per 
cent CO resulted without exception in increased production of cervical 
IjTnph. The average increase in flow was 2.42 times the control flow, the 
range being from 1.43 to 7.5 times the control flow. 

The increase in lymph production began when the average oxygen 
saturation was 61 per cent, which compares closelj’’ with results obtained 
during exposure to air deficient in oxj'^gen, and would confirm the belief 
that CO is of itself non-toxic, acting only through its ability to reduce 
oxygen-carrying capacity. 
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Treatment with 100 per cent O 2 resulted in restoration of arterial blood 
pressure and blood gases to normal levels, and was accompanied in part 
by the return to normal of lymph production. 
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A preceding paper, concerned with the effects of carbon monoxide 
-anoxemia on the flow and composition of cer\dcal lymph, was followed by 
observations upon the effects of this agent, as well as of low oxygen, on 
the cerebrospinal fluid pressure of cats. Other workers have studied 
cerebrospinal fluid pressure under similar conditions, but no data have 
been pubhshed which correlate the effects observed vdth either the carbon 
monoxide or oxj'-gen saturation of the blood. 

Forbes, Cobb and Fremont-Smith (1924) have reported that the cerebro- 
spinal fluid pressure of cats and dogs increases markedly during exposure 
to carbon monoxide. They did not, however, report any data concerning 
the degi'ee of CO or O 2 saturation of the blood at any time during the period 
of increased pressure. They did report the results of an experiment on a 
man who inhaled 0.2 per cent CO for 35 minutes. The subject became 
dizzy, sick and weak, with a sense of fulness in the head and a dimming of 
vision, but with no real headache until 10 minutes after the gassing had 
been stopped. At the end of the 35 minutes’ gassing, a tannic acid test 
for CO hemoglobin showed 40 per cent CO saturation. They concluded 
from tills experiment that the headache resulted from increased pressure 
in the cerebrospinal canal. 

Other investigators have reported that the administration of gaseous 
mixtures low in oxygen also brings about increases in the pressure of the 
cerebrospinal fluid in animals (Hill, 1896; Nicholson, 1932; Yesinick and 
Gellhorn, 1939). Michelsen and Thompson (1938) have observed clinical 
manifestations of increased intracranial pressure following e.xposure to 
oxygen tensions corresponding to an altitude var 3 'ing between ] 5,500 and 
17,000 feet. Concerning the blood gases, thej’’ make the statement that 
“the o.xi'gen saturation of the blood of the subjects during the sta}’’ in the 
chamber varied in different persons between approximateh’’ 50 and /O 

* This investigation was aided by the Miriam Smith Rand Fund. The oxygen 
atul compressed air used througiiout this work were furnished through the courtesy 
of Tlio- Linde Air Products Company. 
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per cent, whereas the atmospheric O 2 tension was reduced to the same 
degree for all individuals.” 

It is the purpose of the present report to attempt to show the relation 
between the degree of CO and O 2 saturation of the blood and cerebrospinal 
fluid pressure. 

Experimental technique. The experiments were performed on seven 
healthy jmung adult cats under nembutal anesthesia (40 mgm. per kgm. 
intraperitonealljO- The source of carbon monoxide was the same as that 
described in the pre'sdous paper (Maurer, 1941). The gas was diluted to 
0.5 per cent vdth air, and was delivered from 80-liter spirometers to the 
animal bj’’ means of a respiration pump at the rate of 14 inspirations 
per minute. 

One femoral vein was cannulated to facilitate the administration of 
various experimental agents. The femoral artery of the opposite leg was 
cannulated for recording arterial pressure and for collection of blood 
samples. The O 2 , CO 2 , and CO content of these samples was determined 
by means of the V an Slyke gas analyzer. Complete details for the analysis 
of carbon monoxide are given bj'’ Peters and Van Slyke (1932, pp. 330-336). 
The animals were also curarized (0.4 to 0.6 cc. of a 1 per cent solution bj’^ 
vein, depending upon body weight) to prevent any random effects on 
cerebrospinal fluid pressure by excessive muscular movements of the 
thorax or diaphragm. 

With the animal Ijdng on its back, the hind legs were strapped to a 
board. The upper body and head were then turned onto one side so that 
the back of the head and neck were completely exposed to the operator. 
A large gauge needle, fitted A\ith a stilette, was then pushed through the 
occipito-atlantoid ligament into the cisterna magna. After remo^dng the 
stilette, the needle was connected by a flexible rubber tube to a vertical 
glass tube of 3.5 mm. bore, which was fastened to a meter stick. This 
system was then filled vdth physiological saline solution to a height corre- 
sponding to the average cerebrospinal fluid pressure (6 to 8 cm.). 

Results. Carbon monoxide experiments. Carbon monoxide was used 
in five experiments. Though the cerebrospinal fluid pressure rose in each 
case, the experiments seem to fall into two groups. 

In the first group there are four experiments, in each of which there Avas 
an almost immediate increase in pressure when the 0.5 per cent CO was 
administered. Figure 1 illustrates this response. Figure 1 also illustrates 
an obsei’A'-ation made in tAvo of these experiments, namely, that there was 
a rapid increase of pressure folloAved by a short interval during AA^hich the 
pressure fell shghtly and folloAAdng which it again increased sharply. The 
time at which these secondary increases began Avas 11 and 13 minutes, 
respectively, after gassing had begun (fig. 1, 13 min.). In the third of 
this first group of experiments, the pressure began to increase almost 
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MINUTES 


Fig. 1. Cerebrospinal fluid pressure, blood gases, and arterial blood pressure o a 
cat exposed successively to room air (control), 0.5 per cent CO, and 100 per 
The arrows pointing downward indicate the times at which blood samples ^ 

The arrow pointing upward indicates the time at which a transfusion of 2 cc. o 
cat blood was given. 

immediately but rose only 0.4 cm. of saline in 10 minutes. This slight 
rise was followed by an 8 minute interval during wdiich there tvas no change. 
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Then abruptly the pressure increased sharply. In the fourth experiment, 
the pressure began to increase almost immediately but continued to rise 
steadily without a break. 

In the single experiment of the second group, the pressure began to rise 
only after the CO had been on for 5 minutes, and it then rose onl}'- 0.5 cm. 
of saline during the next 13 minutes, at which time the animal died. 

In each of these experiments the pressure increased as the gassing con- 
tinued, until it had reached a maximum or until the circulation showed 
signs of failure, at which time the gassing was discontinued and 100 per 
cent oxygen was administered, as illustrated in figure 1. Table 1 shows 
for each experiment the extent of the pressure increase, the length of expo- 
sure to CO, and the degree of O 2 and CO saturation of the blood at the 

TABLE 1 


Relation of oxygen and carbon monoxide saturation to cerebrospinal fluid pressure 



BEGINNING OF INCREASED 
PRESSURE 

SECONDARY IN- 
CREASE OP PRESSURE 

MAXIMUM PRESSURE 

EXPERIMENT 

(cats) 

Length of 

Artorifll 

saturation 

0 
t- 
0 9 

5 

s 0 

Arterial 

saturation 

Length of 
exposure 

Arterial 

saturation 

In- 

crease 

over 

nor- 

mal 


exposure 

Oj 

CO 

C X 

0 0 

Os 

CO 

Oi 

CO 


minutes 

per 

cent 

per cent ■ 

min- 

utes 

per 

cent 

per 

cent 

min- 

utes 

per 

cent 

per 

cent 

times 

1 

Immediate 

100 

Negligible 

18 

29 

100 

23 

21 

107 

2.58 

2 * 

Immediate 

100 

Negligible 

13 

32 

94 

16 

30 

100 

1.80 

3 

Immediate 

100 

Negligible 

11 

63 

48 

16 

62 

65 

1.70 

4 

Immediate 

100 

Negligible 




18 

36 

60 

1.66 

5 

5 

53 

45 




18 



1.05 

Average. . . 




14 

41 

81 

18 

35 




* This is the experiment of figure 1. 


time of the secondary pressure increase and at the time of maximum 
pressure. 

It will be noted in this table, just as in table 2 of the preceding paper 
(Maurer, 1941), that the sum of the O 2 and CO saturations at any given 
time is in most cases greater than 100 per cent, which is undoubtedly due 
to the expulsion from the spleen of quantities of red cells into the circu- 
lating blood in an effort to reduce the proportion of CO hemoglobin in the 
general circulation (de Boer and Carroll, 1924; Campbell, 1932; Naismith 
and Graham, 1906). 

Recovery with 100 -per cent oxygen. In each of these experiments maxi- 
mum cerebrospinal fluid pressure was not attained until the arterial blood 
pressm’e had become dangerously low. At this point the administration 
of CO was stopped and treatment with 100 per cent O 2 was begun. Three 
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of the five animals responded almost immediatel}’’ vdth greatly increased 
arterial blood pressure. The animal of experiment 3 did not respond to 
this treatment, djdng 3 minutes after it was begun; and the animal of 
experiment 5 was dead before oxygen could be administered. In the three 
experiments in which the animals recovered, the cerebrospinal fluid pressure 
fell sharplj’- at fii’st and then decreased more and more gradually until it 
had reached a level somewhat higher than the original pressure. Figure 1 
illustrates the decrease of pressure during 87 minutes of oxygen administra- 
tion in one of these experiments, wlfile table 2 shows the results of ox 3 ’'gen 
administration for all of the experiments. 

It will be noted that in none of these experiments did the pressure return 
to normal during the period of oxj'’gen treatment, though undoubtedly it 
would have done so had the experiments been greatly prolonged. This 

TABLE 2 


Effect of 100 per cent oxygen on increased cerebrospinal fluid pressure 


EXPETllMENT 

(cats) 

CEREBUOSPINAE FLUID PBESSUHE 

100 PER CENT Os TREATMENT 

Normal 

Maximum 

Length of 
exposure 

Final cerebrospinal 
fluid pressure 


cm. saline 

cm. saline 

minutes 

cm. saline 

1 

3.6 

9.3 

47 

6.8 

2* 

6.5 

11.7 

87 

7.8 

3 

9.1 

15.0 

3 

12. 5t 

4 

5.5 

S.6 

17 

6.0 

5 

9.2 

9.7 



.\verage 

6.8 

11.0 




* This is the experiment of figure 1. 
t At death. 


rather slow decrease of the cerebrospinal fluid j^ressure is probabb"^ explained 
by the fact that absorption from the cerebrospinal canal goes on normally 
at a slow rate. Forbes, Cobb and Fremont-Smith (1924) demonstrated 
that recovery from carbon monoxide poisoning could be greatl}’’ increased 
by the injection of hypertonic saline solution intravenouslJ^ The present 
expeiiments show that treatment with oxj’gen alone is not nearly as 
effective as h 3 T>Grtonic saline alone or vith oxA'gen, particularlj' with 
regard to cerebral edema and the resulting increased intracranial pressure. 

Low oxygen experimcnls. Cerebrospinal fluid pressure was recorded in 
two experiments in which the animals were exposed to 8 per cent and G per 
cent oxygen, respectivebx In both experiments the pressure rose imme- 
diateh". The first animal was exposed to 8 per cent oxygen for 52 minutes. 
The cerebrospinal fluid pressure increased immediatclj' along with the 
characteristic short increase in arterial pressure which accompanies expo- 
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sure to low oxygen. This pressure continued to increase, however, even 
in the face of the rapidly diminishing blood pressure, and remained at its 
new height until 15 minutes before death, when it fell off sharply vdth the 
terminal collapse of the circulation. 



0 20 40 60 80 100 

MINUTES 


Fig. 2. Cerebrospinal fluid pressure, blood gases, and arterial blood pressure of a 
cat exposed alternateb' to 6 per cent O* and 100 per cent Oj. 

The results of exposure to 6 per cent oxj’-gen in the second experiment 
are illustrated in figure 2. Here again is seen the sharp increase in cerebro- 
spinal fluid pressure which continues even after the arterial blood pressure 
is greatlj’' diminished. In tliis experiment the animal was exposed alter- 
natel}^ to 6 per cent and 100 per cent oxygen three times. Each exposure 
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to low oxygen was followed bj’- an immediate increase in cerebrospinal 
fluid pressure amounting to 4 cm. of saline. During the two longer expo- 
sures the pressure remained considerably elevated until the administration 
of 100 per cent oxj'gen was begun. Treatment with high oxygen in this 
particular animal resulted in a rapid return of the cerebrospinal fluid 
pressure to its normal level. This rapid return of pressure following 
administration of low oxygen is characteristic, and differs from the slower 
return following exposure to carbon monoxide because in the latter case a 
certain degree of anoxemia persists until the greater part of the CO has 
been eliminated. 

Discussion. Forbes, Cobb and Fremont-Smith (1924) concluded from 
their experiments on animals that the sudden sharp increases in cerebro- 
spinal fluid pressure were due to cerebral congestion udiich accompanied 
the initial increase in arterial blood pressure. They demonstrated this 
point by observation of dilatation of the retinal blood vessels. They also 
showed that the prolonged effects of carbon monoxide on intracranial 
pressure were due to increased brain volume, which could be readily 
diminished by the intravenous injection of hypertonic saline. This would 
lead to the conclusion that prolonged elevation of intracranial pressure was 
due to the accumulation of fluid in the brain tissue. Indeed, they showed 
this to be the case by desiccating the brains of normal and of poisoned 
animals. 

In the present work the retinal vessels were not observed, but it was 
noted in these experiments and in those of the preceding paper (Maurer, 
1941), that exposure to carbon monoxide was in a number of cases accom- 
panied by short initial increase in arterial pressure similar to the increase 
which accompanies exposure to low oxygen. Since it is a fact that changes 
in the circulation of a local area can occur even though similar changes 
are not seen at the same time in the general circulation, it is entire^’' pos- 
sible that exposure to carbon monoxide would be accompanied by increased 
cerebral blood pressure even though an increased pressure was not recorded 
in the femoral artery. 

It was shown in table 1 that cerebrospinal fluid pressure began to 
increase before there could have been any effective diminution of the 
arterial oxj’-gen saturation. It was also shown that in three experiments 
there was a secondary increase of pressure which occurred when the 
average 0 X 3 'gen saturation had reached 41 per cent. This figure compares 
very favorably with the figures for oxygen saturation when cervical lymph 
flow shows its .sharpest increase during exposure to low oxygen (Maurer, 
1940) and during exposure to carbon monoxide (Maurer, 1941). 

Table 3 .shows a rdsumd of the degrees of oxygen saturation which have 
been observed during changes in cer\’ical Ijunph flow and cerebrospinal 
fluid pressure. In agreement with Forbes, Cobb and Fremont-Smith 
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(1924), these data lead to the conclusion that the initial increase in cerebro- 
spinal fluid pressure is in all probability due to cerebral congestion resulting 
from increased arterial pressure. The data also show that without doubt 
the secondar}'’ increase and the prolonged elevation of intracranial pressure 
durmg and following exposure to carbon monoxide or low oxj’-gen are due 
to the accumulation of fluid in the brain tissue. It has already been shoAvn 
that decreased oxj’-gen saturation results in increased capillary permeability 
(Maurer, 1940, 1941) and the resultant loss of considerable quantities of 
fluid from the circulating blood. It is considered significant, therefore, 
that the degree of oxygen saturation during the period of sharpest increase 
in lymph flow is so nearly similar to the ox 3 ’^gen saturation at the time of 
the secondary increase in cerebrospinal fluid pressure. It is also significant 


TABLE 3 

Relation of oxygen saturation to lymph flow and cerebrospinal fluid pressure 


OBSEIIVATION 

ETMTH EXPERIMENTS 

CEREBROSPINAI, FLXTID 
PRESSURE EXPERIMENTS 

With low 
0. 

With CO 

i 

With CO 

With low 
Oe 


per cent oxygen saturation 

Beginning of cerebrospinal fluid pressure 





increase 



100 

100 

Beginning of increased cervical lymph flow . 

75 

61 



Sharpest lymph flow 

53 

47 


» 

Secondary cerebrospinal [fluid pressure in- 





crease 



41 


Maximum lymph flow 

27 

21 



Maximum cerebrospinal fluid pressure 



35 

28 44 





Av. 36 


that the degrees of oxygen saturation during the maxima for Ijunph flow 
and cerebrospinal fluid pressure are mthin the same range. 

The author noshes to take this opportunity to thank Dr. Cecil K. 
Drinker for his helpful suggestions and criticisms throughout this work; 
and to thank Miss Anne C. Messer for technical assistance in gas analysis. 

SUMMARY 

Experiments are reported in which exposure of cats to 0.5 per cent CO 
and to 6.0 and 8.0 per cent O 2 resulted ndthout exception in increased 
cerebrospinal fluid pressure. The average increase during CO exposure 
was 1.74 times the normal. The increases during 6.0 and 8.0 per cent 
O 2 were 1.5 and 1.1 times the normal, respectively. 
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The immediate increases in cerebrospinal fluid pressure are believed to 
be due to increased cerebral blood pressure, since the change occurs before 
the blood O 2 saturation is effectively lowered. 

The secondary increase and the prolonged elevation of cerebrospinal 
fluid pressure are believed to be due to accumulation of fluid from the 
cerebral capillaries, whose permeability is increased when blood O 2 satura- 
tion is effectivel}’’ lowered. 

The O 2 saturation during the secondary pressure increase averages 41 
per cent, and at the time of maximum pressure averages 35 per cent. 
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Volume 133. On page 188 change second reference to Maurer, F. W from “This 
Journal 132: 170, 1941” to read “Maurer, F. W. This Journal 133: 170, 1941.” 
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The quantities of liquid transported by anomalous osmosis. I. Abrams 
and K. Sollner (introduced b}’' M. B. Visscher). Department of Phys- 
iology, University of Minnesota, Minneapolis. 

In the past, expeiimental studies on anomalous osmosis have been con- 
cerned solely with the anomalous osmotic pressures developed in suitable 
systems (J. Loeb, J. Gen. Physiol. 1:717, 1918-19; 2.T73, 255, 387, 1919-20, 
etc.). If anomalous osmosis is important as a liquid moving mechanism 
in living systems, as many observers believe, the quantities of liquid trans- 
ported may be more interesting from a biological point of view than the 
maximum pressures attauiable. If a porous collodion membrane, acti- 
vated by the method of Sollner, Abrams and Carr (J. Gen. Physiol., in 
print) be interposed between, e.g., 0.01 M Ks citrate and pure water, a 
considerable transfer of liquid occurs. The rate of this transportation 
across the membrane, if the opposing pressure is small, may be as high as 
90 ml. per hundred square centimeters of membrane per hour. The trans- 
port is in this case from the water to the salt solution (anomalous positive 
osmosis). This effect is only shghtly reduced if the water is replaced bj’^ a 
uni-univalent salt or sugar solution of the same osmotic activity as the 
citrate opposite it. Even distinctly hj-pertonic solutions of uni-univalent 
salts or of non-electrolytes may be transported across the membrane, 
though at a lower rate. This type of flow is substantial!}’- identical ivith 
the often described phenomenon of negative osmosis — liquid movement 
through a membrane from the side of the concentrated to the side of the 
dilute solution. Anomalous osmotic phenomena do not occur with strictly 
semi-peimeable membranes, but only with membranes of appreciable 
permeabiUty. Membranes of such porosity are frequently found in bio- 
logical systems. 

Peripheral vascular responses in the hyperthyroid state. David I. 
Abramson and Sidney M. Fierst (by invitation). May Institute for 
Medical Research, The Jewish Hospital, Cincinnati, 0. 

The presence of a flushed, moist skin, a wide pulse pressure, an elevated 
skin temperature, and a decrease in circulation time in thyrotoxicosis has 
led to the belief that there is an increase in blood flow to the periphery in 
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this state. Since this view is for the most part based upon indirect evi- 
dence, the subject has been reexamined by determining the actual rate of 
blood flow to the extremities by means of the venous occlusion plethysmo- 
graphic method. 

The peripheral vascular responses were studied in 9 hjqDerthjYoid pa- 
tients, and in 5, blood flow rea(^gs were obtained before and after thyi’oid- 
ectomy. In each instance there was a significant increase in the rate of 
blood flow through the forearm, the average for the hj'perthyroid group 
being 4.5 ± 1.05 ec. per minute per 100 cc. limb volume, as compared vdth 
an average reading of 1.8 dr 0.64 cc. for the control series. FoUovdng 
lugolization and thyroidectomy, there was a definite decrease in flow, with a 
return to the normal level wthin 11 to 68 days after operation. The 
findings in the leg were grossly similar to those in the foreann. In the 
hand the blood flow was not increased, the average for the hyperth 3 Toid 
group being 9.7 ± 3.8 cc. per minute per 100 cc. limb volume, as compared 
with an average reading of 10.1 rfc 3.4 cc. for the control series. Following 
thyroidectomy there was no significant change in 4 cases, while in 1 there 
was a drop from a liigh normal to a lower normal level. 

By exposing the forearm to a controlled amount of exercise, it was found 
that the blood flow repajunent (debt) during the hjTierthjToid state was 
much greater than that elicited by the same procedure a short time after 
th 3 Yoidectomy. 

On comparing the blood flow readings with the other data collected at the 
same time, it was noted that a gross correlation existed between the blood 
flow to the forearm and the basal metabolic rate, but none between the 
latter and the blood flow to the hand. No relationship was observed 
between the circulation time and the blood flow to either the hand or 
forearm. 

The effect of bilateral paravertebral sympathectomy on the cardioren^ 
system in essential hypertension. Wright Arams (by invitation), 
Alf S. Alving, Irene S-A-Ndiford (bj'- imitation), K. S. Grimson (by 
imitation) and Charles Scott (by invitation). Departments of Mem- 
cine and Surgery, University of Chicago, Chicago, III. 

The effect of extensive paravertebral sjunpathectom}'^ on the blood pres- 
sure in patients with essential h 3 T)ertension has been reported. In this 
paper the results of studies on the cardio-renal s^’^stem before and at mter- 
vals up to seven months after operation rvill be presented. 

The urea clearance, the ability of the kidnej’' to concentrate urine, venous 
pressure, and aim to tongue circulation time showed no regular siguficant 
change after operation in either those patients who did or those who did 
not have a marked reduction of blood pressure. 

The heart rate under basal conditions was reduced slightlj" after operation. 
There was no regular change in heart size. Tlic rttal capacity was mark- 
edh' reduced in all those studied after operation. Tiic basal cardiac 
output was reduced moderatety after opei-ation but the extent of the reduc- 
tion was not related to the effect of the operation on blood pressure. 

None of the general circulatory changes found would be expected to 
produce the reduction of blood pressure observed in some of the patients. 

The effect of ojicration on the renal blood flow, gomerular filtration rate 
and functioning tubular mass is interesting in \dcw of the current idea that 
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the lowering of blood pressure following sympathectomy might be due to 
the abolition of renal ischemia. One of six patients studied had no renal 
ischemia before operation. In one patient relaxation of the efferent 
arterioles occurred after operation as indicated by a diminution in the 
filtration fraction and increased renal blood flow. In all the other patients 
there occurred either a diminution of renal blood flow after operation or no 
significant change in blood flow.- It is ob\dous, therefore, from these 
studies that such fall in blood pressure as occurs from operating on the 
sympathetic neiwous S3’’stem for hj’-pcrtension is not necessarily accom- 
panied bj’- an increase in blood flow through the kidnej'^s. 

It seems probable that such drop in blood pressure as occurs following 
“total” s^TOpathectonij'^ is due to decrease m peripheral resistance in a 
large vascular bed. 

Synergistic actions of drugs on the human colon. Haery F. Adler and 
A. J. Atkinson (introduced bj'- K. K. Jones). Department of Physiology 
and Pharmacology, Nortlmestern University Medical School, Chicago, III. 
Four colostomized adult males in excellent condition served as subjects 
for experiments dealing Avith the actions of several drugs in common clinical 
use. Colon motihty was measured by the balloon technique. Sixtj^-seven 
control experiments of 3 hours duration were obtained to determine the 
normal colonic motilitjL In the drug experiments a 20 to 40 minute control 
period was allowed before the drug was administered. 

Surgical pituitrm (Parke, Davis and Co.), administered subcutaneously 
or intramuscularl 3 ^in doses of 1.5 to 2.5 units, within a few minutes led to 
the appearance of propulsive motilit 3 ’- enduring for at least 20 minutes. 
Physostigmine (1 mgm.) Avas variable as to its onset of action and dura- 
tion, but also resulted in propulsive motilit 3 L Prostigmine meth 3 dsulfate 
(1 ; 4000 or 1 : 2000) sometimes had a variable onset of action and a variable 
duration of action, but Avas a potent agent for exciting propulsive motility. 
No side reactions AA^ere noted, as AA-^as sometimes the case AAuth ph 3 '-sostig- 
mine. Ergotamine (0.25 mgm.) intramuscularly had no discernible action 
on the colon. The combination of prostigmine AAuth either pituitiin or 
ergotamine AA'^as A'’er3'’ efficacious in producing propulsiAm activit3'' AAith 
expulsion of material. The additiA’-e action of prostigmine and pituitrin 
was marked, as Avas the synergistic action of prostigmine and gynergen. 
The simultaneous injection of 1.5 units of pituitrin, 1 :4000 prostigmine and 
0.25 mgm. of g 3 mergen resulted in the appearance of motiUt 3 ’- both propul- 
sive and non-propulsiA''e in nature, enduring for seA'^eral hours, Avith repeated 
evacuation of gas and material. Onl 3 '' a feAV experiments of this nature 
Avere attempted. 

Postnatal development of water diuresis. E. F. Adolph. Department 
of Physiology, The University of Rochester, School of Medicine, Rochester, 
N. Y. (Read by title.) 

Are animals proAuded at birth AAuth means of promptl 3 ^ eliminating 
excesses of Avater? Thirteen dog pujis of 5 litters Avere tested at various 
ages. The3^ received 5 per cent of the body Aveight of tap Avater by stomach 
tube, Avere AA^eighed at intervals, and their urine Avas collected AvheneA^er 
spontaneously voided. Results are compared according to the times 
required to lose diverse amounts of the administered water. 
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Within 10 days after birth, rate of weight loss is scarcelj' augmented by 
the presence of water excess, and little more urine is found than from the 
same individuals mthout the excess. Whereas adult dogs require 1.5 
hours to eliminate half the excess, mostl 3 ' in urine, pups require 3 to 6 
hours, and nearl}’^ all is lost insensibly. In the second or third weeks of life 
prompt water diuresis is acquired, quite suddenlj’- in each individual. At 
that time appear the exact temporal relations, and the urinarj'^ rates and 
dilutions, typical of water diuresis of the adult. 

Plasma, sampled from the hearts of pups in which this function has not 
yet metamorphosed, is diluted (refractive index) during at least 3 hours 
after water administration. Sacrificed individuals show no extra fluid in 
stomach, intestine, or uiinaiy bladder, and onty slight transudate m peri- 
toneal cavity. No corresponding difference of stmcture is detected in 
prepared sections of kidneys. Evidentty m newborn pups the water is 
absorbed and distributed, but is not excreted. 

In brief, water diuresis in response to water administration is perfected 
within a space of 3 days, at 10 to 21 daj's of age. If it were present before 
birth, it might lead to large accumulations of amniotic fluid. The function 
of adjusting water excesses develops postnatallj' the pattern characteristic 
of the adult dog. 

Autonomic responses of bronchial tissue to various anesthetic drugs. 
JoHX Adriani and E. A. Rovenstine^ (introduced bj’^ Stevens J. Mar- 
tin).' Division of Surgery, Department of Anesthesia, New York Uni- 
versity College of Medicine, Neiv York City. (Read by title.) 

Recentty described autonomic stimulation bj' anesthetic drugs h^ 
aroused interest in their effects on bronchial tissue. The folloiving experi- 
ments were performed to determine the precise role plaj'ed b}’’ such drugs. 

One hundred and thirteen obseiwations with the low power microscope 
were made to studj' the size and contour of the bronchi in excised lung 
tissue of rats and dogs. A modified SoUman’s technique was used. The 
preparations were immersed in solutions of anesthetic dings dissolved in 
Locke’s solution in concentrations approaching those in the plasma of 
intact animals. Photomicrographs were completed on standard film for 
comparison of the various responses irith controls. Atropine sulphate, 
eserine salicjdate or ergotamine tartrate solutions were added either befme 
or after the anesthetic drug and the effects obsciwed and compared ivith 
controls. 

Cj'clopropane as well as amytal, nembutal, evipal and pentothal pro- 
duced a constrictor effect on bronchial musculature which could be pre- 
vented b\’ previously adding atropine and could be relieved when atropine 
was added subsequentlj’. Eserine enhanced the constrictor response. 
Ethjdenc, nitrous oxide and paraldehj'de produced a mild constrictor 
action or no effect. The constrictor effect from these, however, was not 
modified by cither atropine or eserine. Chloroform, ethjd ether and divinyl 
ether produced bronchial relaxation. Ergotamine tartrate reversed the 
dilator response from divinjd ether to constriction. Dilator responses 
Iiersisted u-ith ether and chloroform when preceded by ergotamine tartrate. 

Th^e experiments suggest that cyclopropane and barbiturates produce r 
constrictor action on the bronchial musculature bj' parasympathetic 
stimulation. Nitrous oxide, ethj'lcnc and paraldeh.ydc constrict b.v a 
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direct action on the muscle. Ether and chloroform relax by direct action 
on the muscle and possibly bj' sjonpathetic stimulation. Vinyl ether 
exerts its action b.y sympathetic stimulation. 

The use of the adreno-demedullated, the hypophysectomized and the 
hypophysectomized-adreno-demeduUated rat for the assay of insulin. 
A. Allen (by invitation), J. Feldman (by invitation) and E. Gell- 
HORN. Depariment of Physiology, College of Medicine, University of 
Illinois, C hicago . ^ 

Rats fasted 18 hours were injected iutraperitoneally with various quanti- 
ties of insulin and the blood sugar was determined by the Somogyi modifi- 
cation of the Shaffer-Hartman method one hour after the injection. It 
was found that a fall of 10 mgm. per cent blood sugar was produced by 
0.005 unit/100 gram rat in the adreno-demedullated (I), by 0.01 unit/100 
grams in the h 3 'pophysectomized (II), and bj^ 0.0003 unit/100 grams in 
the hypophj'sectomized-adreno-demedullated (III) rat. Approximately 
the same ratio for the sensitmty of the three groups to insulin results from 
the study of insulin coma or con%mlsions. These phenomena are produced 
by 0.02-^.03 unit/100 gram rat in group I and II, whereas in group III, 
0.001 unit/100 grams causes convulsions or coma. The insulin assaj^ was 
repeated in group III in the presence of 1 cc. of human blood/100 grams of 
rat. It was found that the presence of normal blood did not significantly 
alter the quantitative effects of insulin in group III. The enormous 
sensitivity of the hjqiophj^sectomized-adreno-demedullated rat makes this 
animal suitable for the assay of insulin in the blood (cf. abstract of paper 
by Gellhorn, Allen, Cortell and Feldman). Normal human blood when 
injected wthout insulin lowers the blood sugar of rats in grouj) III b}-- 
about 6 mgm. per cent. Since the injection of blood into normal rats 
causes no change in blood sugar (av. -f 0.8 mgm. per cent) the insulin 
content of the normal human blood is approximately 0.0001 unit of insulin 
per cubic centimeter. 

Indirect blood pressure determinations in experiments with explanted 
kidneys. Frederick M. Allen and Otis M. Cope. Department of 
Physiology, New York Medical College, New York City, 

Both the indirect readings of blood pressure and the location of kidnej’^s 
under the skin make possible a variety of manipulations and obseivations 
under strictty physiological conditions. In addition to the pioneer method 
of chronic experimental h^^pertension (Loesch) there are opportunities 
to study an acute transitoiy form of hjqiertension, also the effects of various 
influences, such as foods and organ extracts, upon both the blood pressure 
and the ladne 3 ’’s. The paper summarizes some r&sults recentty obtained 
on resumption of this work after a long interval. 

The effect of pancreatic fistula on blood and liver lipids. J. Garroit: 
Allen (b.y invitation), Cornelius W. Verimeulen (b^' invitation), 
Ormand C. Juli.vn (b}’- invitation), Dwight E. Clark (bj" invitation) 
and Lester R. Dragstedt. Depariment of Surgery, The University 
of Chicago, Chicago, III. 

' Aided by a grant from the Joiin and Mary R. Markle Foundation and W.P..\. 
Project 30278. 
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Depancreatized animals adequately treated mth insulin commonly 
develop marked h 3 q)olipemia and fatty infiltration of the liver within a 
period of 4 to 6 weeks, depending somewhat on the amount of fat in the 
diet. This alteration in fat metabolism has been attributed to hpocaic 
deficiency. Depancreatized dogs, however, also suffer from absence of 
pancreatic juice in the intestine. The present stud 3 '^ was made to deter- 
mine the effect of pancreatic fistula on the blood and liver lipids of dogs. 
Complete external deviation of the pancreatic juice was secured in 5 ani- 
mals. These sundved the operation from 6 weeks to 3 months and the 
blood and liver lipids remamed within the normal range. 

The lack of inactivation of stilbestrol by the liver. M. J. Allen (intro- 
duced b 3 ’' H. Greengard). Department of Physiology and Pharmacology, 
Northwestern University Medical School, Chicago, III. 

Stilbestrol differs from the natural estrogens in that it is very potent by 
mouth. There is good evidence that natui'al estrogens are inactivated by 
the liver. Other workers have reported that when ovaries are transplanted 
intramesenterically in such a position that their venous drainage is into the 
portal system, the 3 ’' have no estrogenic effect. This liver inactivation is 
considered to be the reason why natural estrogens are relativel 3 ’^ ineffective 
b 3 ’' mouth. It was considered possible that the liigh oral potenc 3 ’’ of stil- 
bestrol might be due to the inability’’ of the fiver to inactivate it. 

Tliis h3T3othesis was tested. StUbestrol pellets (approximatel 3 ^ 3.0 
mgm. each) were implanted intramesentericall 3 ’ into 10 castrate female 
rats and subcutaneously into 10 control castrate rats. Mter 48 hours the 
ammals of both groups went into prolonged esti*us. It is concluded that 
stilbestrol differs from natural estrogens in that stilbestrol is not inactivated 
by the fiver. It seems probable that this fact explains the oral potenc 3 ’^ of 
stilbestrol. 

The constitution of native activators of protyrosinase. Thomas H. Allen 
and EDW.tVRD Boyd (introduced by Joseph Hall Bodine). Department 
of Zoology, State University of Iowa, Iowa City, and Department of Cheiiir- 
istry. University of Chieago, Chicago, III. 

Since the lipoidal phase or centripetal layer in an extract of grasshopper 
eggs seems to change the contained protyrosinase into ty’rostnase, it should 
be of interest to see if there is a specific native activator of protyrosinase. 

This oil and also its saponifiable fraction (mixed fatty’ acids) were frac- 
tionated in a sublimation apparatus at pressures less than 5 X 10~® mm. 
of Hg. and between temperatures of 40 degrees to 328°C. 

Surface film characteristics, the constancy’ of melting points on repeated 
fractionation, the neutral equivalents and the activation properties of the 
fractions were compared. As a result of these studies it seems that the 
oil is a mixture of activatom. The latter components presumably share 
chemical groups of similar properties. These groups may be those polar 
groups of interest to surface chemistry’, because a i)ure aliphatic hydro- 
carbon oil is unable to activate protyrosinase. 

Comparative actions of phenyl-, thienyl- and furyl-isopropylamines. 
Gordon A. Alles and George A. Feigen (by invitation). Pharma- 
cological Lahoralnry, ihiivcr.sily of California Medical School, San Fran- 
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cisco, and, Kerckhoff Biological Laboratories, California Institute of 
Technology, Pamdena. 

Because of the physical chemical similarities of derivatives of benzene, 
thiophene and furan, these isoprop 3 damines were compared in their phys- 
iological actions. The three amines produced similar circulatorj'^ effects 
in dogs, the intensit}'" of the actions of the benzene and thiophene com- 
pounds being almost identical, and the furyl compound about one-third 
as active. 

On isolated rabbit ileum, the three compounds in minimally active con- 
centrations produce increases in tone, and with increased concentrations 
an effect to inhibit tone and rhythm becomes evident, most particular!}’^ 
with the benzene and thiophene derivatives. Dependent upon a proper 
molal relationship, the stimulant effects of the compounds are antagonized 
by atropine, and thej’’ are also antagonistic to the actions of acetylcholine 
and epinephrine. 

The central stimulant effects, as judged b^^ motor actmties in mice, 
indicate the benzene derivative to be the most active of the three com- 
pounds, Avith thienjdisopropylamine somewhat less active, and furyliso- 
propj’^lamine even less. Studies in man based on subjective and objective 
observations indicated the same order for the central stimulant effects of 
the compounds, but differences observed were more marked. 

Effect of amphetamin sulfate on the nervous activity of dogs. E. Bkyce 
Alpekn (b}’- invitation), Nathaniel Finkelstein (by imdtation) and 
W. Hoksley Gantt. Pavlovian Laboratory, Phipps Clinic, Johns 
Hopkins University, Baltimore, Md. 

The effect of 1 mgm./kgm. amphetamin sulfate given orall}’’ was meas- 
ured in 2 dogs having well established conditioned reflexes to food and in 3 
dogs vdth stable motor defense reflexes to pain. The follovdng effects 
were noted: appetite was markedl}’’ diminished, parotid secretion was 
slightly lessened, the heart and respiratory rates were irregular and often 
increased; gross muscular activity was increased or unchanged. Sexual 
reflexes were weakened, i.e., the onset of erection to sexual stimulation 
was delayed and the duration was shortened about 30 per cent. The 
conditioned reflexes, both motor and secretory, were less altered than were 
the above unconditioned reflex functions; there was little change in magni- 
tude of the responses; the chief modification was in the direction of impair- 
ment of differentiation (inhibition often being converted into excitation) ; 
this impairment was about the same as with moderate doses of alcohol. 
The accompanjdng conditioned autonomic functions (respiration and heart 
beat) also suffered loss of differentiation. The latent period of the secre- 
toiy conditioned reflexes was somewhat shortened, while the latent period 
of the motor defense conditioned reflexes was lengthened. The maximum 
effect of the benzedrine was roughty about 1 hour after administration but 
the effect could be detected for about 6 hours. Considerable individual 
variation was seen in the animals. Ovdng to the somewhat depressing 
effect of benzedrine on the unconditioned reflexes, there was a relative, 
though rarely an absolute, increase of the conditioned reflexes, i.e., the ratio 
CR/IIR was greater after benzedrine than before. This is a possible 
explanation of the apparent stimulating effect in the human being. No 
loss of differentiation or conditioned reflex changes were noted on the day 
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following .the administration of ,the drug. We conclude amphetamin 
sulfate acts in dogs as a slight depressant rather than as a stimulant to both 
conditioned and unconditioned reflexes but particular!}’- the latter, regard- 
less of what effect it may have on mood, subjective feehngs, or fatigue. 

Deprivation of placental blood as a cause of iron deficiency in infants. 
H. L. Alt (by invitation), E. E, Wilson (by invitation), Q. B. De 
Marsh (by invitation) and W. F. Windle. Departments of Medicine 
and Anatomy, Northwestern University Medical School, Chicago, III. 
Immediate clamping of the umbilical cord after bhth deprives the infant 
of over 100 cc. of blood (almost one third of its total blood volume). This 
blood normally flows into the infant when clamping is delayed until after 
placental separation. We have shown previously that deprivation of 
placental blood leads to a decrease in eiythrocytes and hemoglobin and to 
an increase in reticulocytes during the first week of life. 

The newborn’s iron reserve is principally in circulating hemoglobin. 
Iron liberated during blood destmction is stored in tissues and utilized as 
needed for hemoglobin sjmthesis and growth. The iron reserve is largely 
depleted at six months. This is attested to bj’ the low non content of 
liver and high incidence of iron deficiency anemia at this time. ^ 

The iron content of the blood left in the placenta after immediate clamp- 
ing of the cord averages at least 56 mg. Failure of the iufant to receive 
this iron results in a lower iron content throughout the nursing period. 
Theoretically, this loss reduces the hemoglobin from 12 grams to 9.1 grams 
per 100 cc. at 6 months, and from 12 gi’ams to 9.7 grams at 9 months. 

Eiytlurocyte counts and hemoglobin detemiinations were made on 28 
infants, age 9 to 10 months. In fifteen infants whose cords ivere clamped 
immediately average values were: crytlu'ocytes 5.06 =fc 0.87 mil. per cmm.; 
hemoglobin 10.8 ±1.9 grams per 100 cc.; mean corpuscular hemoglobin 
21.8 ± 4.6 micro micrograms. In thirteen of the "delay group” values 
were: eiythrocytes 4.45 ± 0.3; hemoglobin 11.9 ± 1.3; mean corpuscular 
hemoglobin 27.0 ± 4.3. Four infants in the "immediate group” had less 
than 10 grams of hemoglobin per 100 cc., whereas none fell below this level 
in the "delay gi-oup.” , ,, 

The decrease in mean corpuscular hemoglobin in the "immediate group 
signiBes a reduction in size and/or in hemoglobin concentration of erythro- 
cytes, which is indicative of iron deficiency. It is therefore suggested that 
deprivation of the infant of its placental blood by early clamping of the 
cord may be a factor in the cause of iron deficiency anemia during the first 
3 'ear of life. 

Studies on the salt-treated adrenalectomized rat. Evelyn Anderson, 
Michael Joseph (by invitation) and Herbert M. Evans. Institute of 
Experimental Biology and the Division of Medicine, University of Cali- 
fornia, Berkeley. 

Adrenalectomized rats kept under optimal living conditions and allowed 
to drink one per cent NaCl solution store fed glucose as liver glycogen 
almost as well as intact animals. They continue to grow and to maintain 
a satisfactoiy state of health. Animals so treated have been observed for 
periods as long as 176 days postoperative. ‘ In this study such animals 
were fastcxl and the iirinaiy nitrogen and sur^dval time noted. 

‘ .Anderson, K., V. IIcrrinR .-ind M. .lo?eph. Proc. Soc. Exper. Biol, and Med. 
45 : 4S.S, 1(140. 
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Fasted adrenalectomized rats given one per cent NaCl to drink excrete 
nitrogen in amounts comparable with that of normal animals or adrenal- 
ectomized animals treated vdth desoxycorticosterone acetate, during the 
first five days of fasting. If tap water is given in place of NaCl solution 
the urinary nitrogen is reduced b}’- 50 per cent. 

Under a given set of conditions the fasting survival time of the untreated 
adrenalectomized rat is 4.8 daj^s, the NaCl-treated rat 6.4 days, the 
desoxycorticosterone-treated rat 7 days and the sham adrenalectomized 
rat 13 days. 

A glass capsule manometer for recording and measuring the blood pressure. 
Fredbhick F. Anderson (introduced by H. B. van Dj’-ke). Division 
of Pharmacology, The Squibb Insiitute for Medical Research, New Bruns- 
wick, N. J. (Demonstration.) 

The apparatus consists of a glass chamber in which a glass capsule, 80 
mm. in diameter, with a capacity of about 10 cc. is enclosed. A tube con- 
taining a piston is sealed into the top of the capsule. All the glass parts 
are made of Pyrex glass. 

The capsule is filled with distilled water and the outer chamber, con- 
nected mth the arteiy and with a modified Trendelenburg apparatus 
(Pfliiger’s Arch. 203: 413, 1924), is filled with isotonic saline containing 
10 mgm. per cent hepaiin sodium. The pressure variation is transmitted 
to the capsule causing a change in volume and a corresponding piston- 
movement which is magnified by a lever writing on a kymograph. Changes 
in room temperature during an ordinary e:^eriment cause no significant 
error of recording pressure-changes. Satisfactory tracings have been 
readil}'" made in experiments with mammals and with the fowl. 

Some quantitative characteristics of x-ray effects on certain cells. Ru- 
BERT S. Anderson, H. Turkowitz and K. P. Lorenz (introduced by 
William H. Chambers). The Memorial Hospital, New York City. 

The fundamental mechanisms and even characteristics of the effects on 
cells produced by ionizing radiations, such as x-rays, are in dispute. As 
one step toward understanding these mechanisms, it is important to stud}'- 
quantitatively the sensitivity of cells under widely different conditions. 
In the present work, a yeast, Tomla cremoris, and a bacterium, Ph. 
Fischeri, have been used and an x-ray effect, “delayed death” has been 
measured, largely by the plate count method, under several conditions. 

It has been found that the presence or absence of oxygen at the time of 
irradiation influences the sensitivity of certain t}TDes of cultures in agree- 
ment with some earlier work. In both foims, those cultures which are 
influenced are less sensitive to radiation in the absence of oxygen than in 
its presence. 

It has frequently been stated that an increased growth rate is associated 
with an increased sensitmty of cells. For this yeast there is no necessary 
correlation between increased growth rate, produced in several ways, and 
increased sensitivity. In fact in some cases there is an apparent effect 
in the opposite direction. Some but not all of tins effect is eliminated when 
a growth method of determining the result is used instead of the plate 
count method. 

Weight variations of muscles of adrenalectomized frogs in normal and 
hypotonic Ringer’s solutions. C. A. Angerer and Helena Angerer 
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(introduced by Franlc A. Hartman). Department of Physiology, The 
Ohio State University, Columbus. 

The leg muscles (ileofibrularis, sartorius and semitendinosus) of adrenal- 
ectomized, renal damaged and unoperated frogs (Rana pipiens) were studied 
for weight changes in normal and various dilutions (75 per cent, 50 per 
cent, 25 per cent) of Ringer’s solution. For anj’- one concentration studied, 
not less than 45 different frogs were employed, ''^^^len the percentage 
increase in muscle weight for any specific concentration (e.g., 50 per cent) 
is plotted as a function of the immersion time (up to 8 hours and in some 
instance 24 hours) there is at the end of the second hour the follomng 
percentage increase over the excised weight: ileofibularis — adrenalectomized 

25, renal damaged 38 and unoperated 53; as compared respectively with 

26, 45 and 60 per cent for sartorius and 24, 49 and 57 per cent for serai- 
tendinosus. A^Tien any specific muscle is compared ndth various concen- 
trations of Ringer’s there is a progi-essive increase in weight vdth decreasing 
osmotic strength of the solutions emplo3'ed. 

The effect of oxygen tension on cyanide inhibition of the frequency of the 
isolated frog sinus. C. W. J. Armstrong (by in\dtation) and Kenneth 
C. Fisher. Department of Biology, University of Toronto, Toronto, 
Canada. 

Isolated frog sinuses, auricles attached, were irrigated with glucose 
Ringer at a constant rate at 15°C. The hearts were doing no external 
work and the sinus frequencj’ was followed as an indication of the rate of 
energy liberation in the pacemaker cells of the heart. The Ringer fluid 
contained 0.2 per cent glucose and 0.05 per cent sodium bicarbonate, the 
pH being 8. 1-8.2. The conditions established permitted the maintenance 
of a constant frequency (average de\'iation less than 5 per cent) for as long 
as six to eight hours. Controls in Ringer were run for at least one hour 
and then this medium was replaced vdtli Ringer containing a knonm amount 
of C3Rnide and of kno\vn 0X3'gen tension. It was found that a C3>’anide 
concentration which just causes inhibition of the heart beat frequenc3' at a 
particular oxv-gen tension is insufficient to hfliibit the frequenc3’' at a higher 
0X3'gen tension. Hence the C3'anide concentration just sufficient to inhibit 
the sinus frcquenc3' was investigated for a number of different ox3'gcn 
tensions var3dng from 760 mm. to that of air. 

R4ien these C3'^anide concentrations are plotted against the ox3’gen 
tensions the points fall along a smooth cuive indicating that the degree of 
cyanide inhibition of this tissue is definitely affected 63’' the ox3’gen tension 
of the medium. It seems impossible to account for this effect on the basis 
of an\' such technical artifact as diffusion, and hence it .appears to be an 
inherent propert3' of the respiratoiy S3’^stem concerned. The practical 
importance of such a result in connection with c3'.anidc inhibition studies 
is obvious. The data suggest that there is not a simple competition be- 
tween C3'anide and ox3''gen for some cnz3’’mo such as i.s seen with, carbon 
monoxide. The effect of increased ox3'gcn tension on inhibition 113’’ azide 
differs qualitativeh' from its effect on cyanide inhibition. 

The induction of estrous behavior in hypophysectomized rats. E. B. 
.\sTwoOD and E. W. Dempsey. Departments of Pharmacology, Mcdi- 
cinc and Physiology, Harvard Medical School, and the Medical Clime of 
the Peter Bent Brigham Hospital, Boston, Mass. 

During the cour.«e of experiments on the induction of ovarian function 
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in liypophysectomized rats it was noted that certain animals exliibited 
estrous behavior. As there is no information on the factors which control 
estrous behavior in the absence of the hypophysis, it was not known 
whether this behavior was produced by estrogen or by corpus luteum 
hormone released from the ovaiy under the stimulus of the h5TDoph3^seal 
extracts, or whether the h3TDophyseal principles also were necessary. A 
study was therefore made of the effects of ovarian hormones on the sexual 
responses of hypophysectomized rats. 

Immature and young adult female rats during the first two months 
following h3Tpophysectom3’' were treated \vith a single dose of estrogen 
either alone or followed by progesterone. Estrous behavior was deter- 
mined by observed mating responses when caged ^vith males or by the 
finding of vaginal plugs or of spermatozoa in the vaginal smear. After a 
large dose of estrogen (16 gamma estradiol benzoate, 10 gamma estradiol, 
100 gamma estrone or 1 mgm. stilbestrol) approximately 50 per cent of the 
animals mated within 48 hours. In the case of estradiol benzoate repeated 
mating occurred in a small number of animals for as long as 6 da3^s after 
injection. Injections of 0.5 mgm. of progesterone into these estrogen 
pretreated animals was followed b3'^ mating responses Avithin 4 hours. 
Graded doses of estradiol followed in 30-36 hours by 0.5 mgm. of pro- 
gesterone gave results in rough proportion to the estrogen dose. This dose 
of progesterone given alone was ineffective, but induced mating beha\dor 
in 95 per cent of 31 animals pretreated with 10 gamma estrone, 71 per cent 
of animals after 5 gamma, 56 per cent of 18 animals after 2.5 gamma and 
39 per cent of 18 animals after 1 gamma. 

These results show that mating responses can be produced in the com- 
plete absence of the lypoplyseal hormones. Sexual behavior, however, 
ma3'- be caused either by estrogen alone or b3’’ estrogen and progesterone. 
The observation of mating behavior cannot be regarded, therefore, as 
conclusive evidence of progesterone secretion. 

Comparative studies of the respiratory act (twitch frequency and respira- 
tory rhythm). A. K. Atkinson (by invitation) and Robert Gesell. 

Department of Physiology, University of Michigan, Ann Arbor. 

The maximum tmtch frequency of indmdual muscle units of the dia- 
phragm was determined in the mouse, rat, rabbit, dog and horse during 
eupneic breathing under routme experimental conditions. This Avas done 
to learn whether or not a relation exists between tnfitch frequenc3’’ and 
respiratoiy rhylhm and the general nimbleness of action. In the mouse, 
which is the fastest breather and the most nimble of the group, the average 
maximum twitch frequency of four individuals was 84 per second. In the 
horse, in which frequenc3'' of breathing and nimbleness are the lowest, the 
maximum tvdtch frequency ranged between 10 and 16 per second (one 
experiment only). In the dog, winch breathes less frequently and is 
obviously more clums3’' than the rabbit, the average frequenc3'^ was 30 per 
second as compared with 46 in the rabbit. The aA'^erage of twitch fre- 
quency in four rats was 36 per second. Based on size alone this frequenc3’^ 
should be liigher than that of the rabbit, but sluggishness ma3’" be a deter- 
minmg factor. Further observations on more definite^ sluggish forms 
such as the porcupine would help to give more positive inteipretation to 
our findings on the rat. 

It ma3’- be tentatively concluded that a short inspiration such as occurs 
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in the mouse allows a relatively large number of muscle fiber twitches per 
inspiration just as does the longer respiration of the horse where bulk and 
high mechanical inertia prevail. This is a most important factor for an 
effective gradation of the strength of contraction because the mm total of 
twitches of all of the m%iscle units involved (and not twitch frequency per se) 
is the important factor which determines the strength of muscular con- 
traction. It is further suggested that great numerical superiority of 
muscle units which may be associated with great mass of muscle tissue in 
the horse tolerates a low frequency of twitch without endangering the 
evenness of the tension of muscular contraction. 

Functional organization and interrelation of cerebral hemispheres in 
chimpanzee.^ Percival Bailey (by invitation), Hugh W. Garol (by 
invitation) and W. S. McCulloch. Laboratory of Neurophysiology, 
Yale University, School of Medicine, New Haven, Conn. 

By local strychninization of one hemisphere of the chimpanzee and 
recording electrical activity of both, the map of functional organization 
has been extended and the directed functional interrelation of the two 
hemispheres has been explored. 

The functional^’’ unique bands have been traced in the face- and leg- 
subdmsions, as well as in the arm-subdivision, except that band III cannot 
be mapped Avith certainty to the medial edge of the hemisphere. 

Bands I, III, VI, VII, VIII and XI have no significant projection to the 
opposite hemisphere. All parts of band II have such projections to contra- 
lateral band II and some parts to V, VI and VIII. Bands^ IV and V 
project across only in sectors for trank and neck. These projections are 
principally to symmetrical parts. Bands IX and X have callosal projec- 
tions from two regions, one above the superior parietal and the other below 
the intei-parietal sulcus. 

Extension of these studies to immediately adjacent areas to control the 
suppressor bands I and XI disclosed contralateral connections from in 
front of band I and from belxind band XI. 

Finally, this work disclosed that strychninization of any of the suppressor 
bands, I, III, VII and XI, suppressed the electrical activity not only of the 
homolateral, but also of the contralateral hemisphere. 

Observations on the localization of the Bainbridge Reflex. Robert 
B allin (introduced b^' L. N. Katz).- Cardiovascular Department, Michael 
Reese Hospital, Chicago, and the Department of Physiology, University 
of Chicago, Chicago, III. 

Since the Bainbridge reflex was believed to be elicited through an 
increased venous pressure acting upon sensoiy endings at the junction of 
the superior vena cava and the right auricle, the problem was directed 
toward a study of these local areas. Six trained unanesthetized dogs were 
used to avoid depression of the reflex under anesthesia. In three other 
untrained animals, 1 grain morphine sulphate was administered subcu- 
taneously to insure relaxation. 

The animals were immobilized. Heparin was injected intravenously 
and a special cannula was inserted into the superior vena cava through the 

’ Aided by a grant from the John and Mary II. Markle Foundation. 

- Aided by the A. D. XastFund for Cardiac Kc.scarch. 
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right external jugular vein. By means of a screw arrangement at one 
end of the cannula, umbrella-like ribs could be raised at the other end to 
distend the superior vena cava at any local area desired, without impeding 
venous flow. 

Fluoroscopy was performed and the umbrella ribs placed into position 
at the junction of the superior vena cava and the right auricle. At autopsj'' 
the position was checked again, the umbrella ribs opened to check the 
degree of distention, and the vein examined for any possible damage. 
Venous and arterial pressures and heart rate were determined from Hamil- 
ton manometer records. 

Repeated distension of the superior vena cava produced no significant 
change in the heart rate or the arterial blood pressure. However, injec- 
tion of 200 cc, of the Ringer’s solution over periods of from 23-38 seconds 
caused a significant increase in heart rate as well as in the arterial pressure. 
The heart rate returned to normal in 3-8 minutes. In three untrained 
dogs w^hich were morphinized, repeated distension of the superior vena 
cava Avas accomplished irithout change in either heart rate or arterial 
pressure; increasing the venous return produced the usual cardiac ac- 
celeration. 

These results indicate that the sensory receptors eliciting the Bainbridge 
reflex in unanesthetized dogs lie elsewhere than in the neiwe endings in 
this part of the superior vena cava. 

The narcotic action of COs in the albino rat. J. H. Barbour (by invita- 
tion) and M. H. See vers. Department of Pharmacology, University 

of Wisconsin, Madison. (Read by title.) 

VTien the alliino rat is exposed acutelj'^ to CO 2 the maximum tolerated 
concentration lies between 15 and 20 per cent. At 20 per cent an occa- 
sional animal will survive. Atmospheres containing between 25 and 50 
per cent CO 2 are uniformly lethal, suivival time varying between one-half 
and thirty-six hours, depending on the concentration of this gas. At 50 
per cent CO 2 , no animal survives longer than five hours. Death seems to 
be due primarily to pulmonary injuiy rather than narcosis. The edema 
and hemorrhage noted in the lungs are also seen in all exposed mucous 
membranes. 

An immediate narcotic action is observed at all concentrations above 
30 per cent CO 2 . Narcosis is less pronounced at lower levels (20 to 30 
per cent CO 2 ) and is not detected at 10 per cent CO 2 . 

That depression of certain functions does occur at 10 per cent CO 2 is 
indicated by a temporary decrease in the oxygen consumption of 10 to 25 
per cent below the basal level at 28°C. during the first two to four hours of 
exposure. Thereafter, a gradual return to the basal level occurs, the time 
required varying vdth the individual, but usually complete before twenty- 
four hours. These changes in oxygen consumption may be related to 
variations in the narcotic action of CO 2 and cold, described elsewhere 
in these abstracts. 

The maximum tolerated concentration of CO 2 during chronic exposure 
lies between 20 and 25 per cent. If such concentrations are attained 
gradually during 5 da 3 ^s, they are tolerated for 30 days or more, whei’eas 
sudden exposure is lethal ivithin 2 to 5 days. Narcosis is not a prominent 
feature if the concentration of CO 2 is held below 25 per cent, although 
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food consumption is greatly decreased and 50 per cent of the body weight 
is lost. On removal to air, irritabihty and tetany are observed for 12 to 18 
hours followed by complete recovery. During thirty days exposure to 10 
per cent CO 2 , no depression is noted although a steady loss in weight occurs 
(14 to 25 per cent). Young, bom during exposure, develop normally. 

No tolerance to the respiratory action of CO 2 has been detected in any 
of these experiments involving chronic exposure. 

The influence of cold on the narcotic action of CO 2 . J. H. Barbour (by 
in\dtation) and M. H. Servers. Department of Pharmacology, Uni- 
versity of Wisconsin, Madison. 

A narcotic state having some characteristics of both anesthesia and hiber- 
nation is induced in rats, rabbits and dogs by exposure to CO 2 in a chamber 
at 5°C. The minimal narcotic concentrations of CO 2 at this temperature 
are, rat 11 per cent, rabbit 17 per cent, dog 14 per cent, the induction time 
varying from 3 to 24 hours. These concentrations of CO 2 do not induce 
narcosis at 25°C. 

The following observations apply to the rat 3 to 6 hours after exposure 
to 11 per cent CO 2 at 5°C.: loss of most reflexes; hypothermia 16 to 21°C. 
(rectal — thermometer insertion 50 to75 mm.) ; bradycardia vdth arrhythmia 
(rate 30 to 100 per min.); and bradypnea (rate 2 to 20 per min.). Once 
narcosis is established, the environmental temperature becomes the prin- 
cipal factor modifjdng the subsequent course of events. At 5°C., narcosis 
progresses rapidly even in air, becoming irreversible when the body tem- 
perature falls to 13°C. At 19°C. (CO 2 11 per cent), the level of narcosis 
remains fairly constant. Recovery follows removal prior to 4 hours, but 
longer exposure (6 to 12 hrs.) is fatal. At 25°C. (11 per cent CO 2 or ah), 
reflex activity is regained completely within 2 to 3 hours. The induction 
time is reduced significantly by a 24-hour fast or by previous exposure to 
10 per cent O 2 for three weeks. Weight, sex, and dehydration (24 hm.) 
do not modify induction time significantly. Some resistance (prolongation 
of induction time) is acquired by repeated narcotizations at 3 to 4 day 
inter\’-als. 

The capacity of the rat for adaptation is remarkable since complete 
resistance to the narcotic action of 11 per cent CO 2 at 5°C. is obtained either 
bj^ previous exposure to 11 per cent CO 2 at 25‘’C. for 24 hours, or to air at 
5°C. for one week. 

A similar narcotic state is induced in some rats by exposure to 5 per cent 
CO 2 and 10 per cent O 2 at 5°C. Exposure for 36 to 48 hours to 10 per cent 
O 2 at 5°C. results in narcosis which is dissimilar to that induced by CO 2 
at .5°C. 

Organic phosphate changes in resting cardiac muscle as indicated by radio- 
activity studies.' S. B. Barker, R. F. Furchgott (by invitation) and 
Ephraim Shorr. The Nciv York Hospital, and the Department of 
Medicine, Cornell University Medical College, New York City. 
Radioactive phosphorus in the form of sodium phosphate- has been 

' Aided by grants from the Committee on Research in Endocrinology’’ of The Na- 
tional Rcse.arch Council and from the C-arnegic Corporation. 

* The radioactive phosphorus was generously supplied by Dr. .1. H. Lawrence of 
the Radiation Laboratory, University of C.alifornin, Berkeley. 
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used to follow the uptake of phosphate in resting cardiac muscle. Slices 
of heart muscle from well-fed dogs were first given a 30 minute period in 
ox}’'gen in a Ringer-phosphate-glucose medium, and then were exposed for 
periods of 10, 20, 30, and 40 minutes to a similar solution containing radio- 
active phosphate. Aliquots of tissue taken at these time intervals were 
analyzed for acid-soluble phosphate: fractions representing inorganic, 
phosphocreatine (PC), adenylpyrophosphate (APP), and hexose mono- 
phosphate (HMP) phosphorus were isolated for parallel measurements of 
activity and of phosphate. Respiration studies were run concomitantly 
to determine the actual extent of carbohydrate oxidation under 'these 
experimental conditions. 

Exchange between tissue inorganic phosphate and that in the medium 
was rapid and approximate!}’’ equal at 27.5°, 37.5°, and 41.0°. The actmty 
of the inorganic phosphate in the tissue rose to about one-third of the value 
in the external medium. At each different temperature, the phosphoius 
turnover from 10 to 40 minutes was approximately equal in the PC and 
APP fractions and considerably lower in the HMP. After 40 minutes’ 
incubation at 37.5°, the activities of the PC and APP fractions were about 
one-half of that of the tissue inorganic jihosphoius, wliile the HMP was 
one-tenth. At 37.5°, oxygen consumption was 50 per cent greater than at 
27.5° and there was observed increased activity in the PC, APP, and HMP 
fractions of the same order. There is an increase in oxygen consumption 
of 15-30 per cent when the temperature is elevated from 37.5° to 41.0°, 
paralleled by a corresponding increase in the phosphorus turnover of the 
fractions studied. 

Some factors in the control of the human appetite. Broda 0. Barnes 

and Robert W. Keeton. Department of Medicine, University of 

Illinois, Chicago. 

Although everyone agrees that weight reduction depends primarily on a 
restriction in calorics, many writers have insisted that better results were 
obtained by the injection two or three times a week of some of the endo- 
crine preparations. The present study is concerned with the influence of 
these extracts on weight reduction and some of the factors affecting the 
human appetite. 

Patients weighing between 200 and 400 pounds were hospitalized con- 
tinously over periods of three to five months. The}'- were allowed to select 
an}'^ tjqie of food and in any quantity which their appetites dictated. 
Candy, pie, cake, or other desserts were allowed ad libitum. After select- 
ing their food, a special dietician weighed the quantity and calculated the 
caloric value. After a control period of observation, therap}’’ was in- 
stituted. 

Injections consisting of placebos, Polyansyn (furnished by Armour and 
Company), or posterior lobe extracts were given two or three times weekly 
or in some cases daily. Most of the patients lost weight during the control 
p^iod. The injection of sterile saline or either of the pituitary prepara- 
tioVs had no influence on weight loss of any of the patients nor on the 
nuiiiber of calories selected in the diet. It would appear that frequent 
injection of pituitary preparations acts largely by focusing the patients’ 
atteiition on their problem. Similar results were obtained b}'^ hospitaliza- 
tion ii^those cases not previously treated. 
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Recently (at the suggestion of Dr. R, B. Oesting) we have been using a 
weight reduction diet containing about 1300 calories, which includes 51 
grains of carbohydrate, 70 grains of protein, and 89 grains of fat. This 
diet differs from the usual reduction diet in containing less carbohydrate 
and more fat. Apparently some patients are more comfortable on it than 
on a diet low in fat. 

Acetylcholine as the cause of the “negative variation” in nerve. T. Cun- 
LiFFE Barnes (by invitation) and R, Behtner. Department of Phar- 
macology, Hahnemann Medical College and Hospital of Philadelphia, 
Philadelphia, Pa. 

Acetylcholine is known to be associated with nervous activity (Loewi; 
Dale). Originally it was found at the nerve endings, but more recently 
all along the nerve fibers as well. WhsA possible importance acetylchohne 
may have in the propagation of neiwe impulse along the fibers is not yet 
known. We have now performed model experiments vdth “oil cells” 
which demonstrate the production of a negative electrical potential by the 
mere contact of an extremely dilute acetylcholine solution with various 
water insoluble substances resembling hpoids. 

This finding is not surprising in view of the fact that solutions of the 
hydi’ochlorides of all organic bases, particularly alkaloidal salts, produce 
a marked electrical negativity when in contact with oil or hpoids (Beutner: 
J. Amer. Chem. Soc. 36; 2045, 1914; Physical chemistry of living tissue, 
1933). 

The electrical negativity following acetylcholine is, however, outstanding 
by its size, its rapidity of appearance on appheation and disappearance after 
removal, and the extremely low concentration of acetocholine requhed. 

AU of these observations support the assumption that acetylcholine is of 
vital importance for origin of the negative electrical wave. Lillie’s local 
circuit theory m turn explains the importance of the negative electric wave 
for the propagation of the nerve impulse; hence acetylcholine might well 
be a factor in the propagation of the nerve impulse. 

In this model of electrical phenomena in nerve, mecholyl (acetyl-beta- 
methylcholine chloride) was used, owing to its greater stability. The 
oil layer (guaiacol or nitrobenzene or various other oil substances) made 
contact on each side with 0.7 per cent NaCl connected by salt bridges to 
beakers containing 0.7 per cent NaCl into which dipped Ag^AgCL electrodes 
leading to the E.M.F. terminals of a Leeds and Northrop thermionic 
amplifier (for high resistance circuits) acting as a null instiniment for a 
potentiometer. At the “oil” layer 0.000076 per cent mecholyl produced 
a potential of 0.5 mv., negative on the side to which the alkaloid was 
added. The potential was a linear function of the ion concentration of 
mecholyl up to about 0.003 per cent (14 mv.); at higher concentration the 
difference of potential followed the logarithm of the concentration. The 
highest potential obtained was 200 mv. (negativity) until 0.03 per cent 
mecholyl and nitrobenzene. 

Changes in the impedance properties of adjacent body segments during 
intravenous injection of isotonic solutions. A. Barnett (introduced 
liy S. E. BaiTera). Department of Psychiatry, Neio York State Psy- 
chiatric Jnstiiute and Hospital, New York City. (Read by title.) 
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It is known that the bulk distribution of tissue fluids shifts frequently 
in the body under the effect of physiological changes. It becomes im- 
portant, therefore, to develop methods for following these tissue fluid 
shifts in individual body segments. It has been shown (Proc. Soc. Exper. 
Biol, and Med. 4A: 142, 1940) that when normal saline or Ringer’s solution 
is injected intravenously in man, the consequent increase in interstitial 
fluid causes the a.c. resistance of the arm-to-arm segment to decrease by 
about 10 per cent for each Hter of saline injected and retained. In order 
to follow the course of hydration in adjacent body segments, the a.c. 
resistance and Q-factor (1) of a 12-14 cm. length of the upper arm and 
(2) of the adjacent chest segment were measured at 5-10 minute intervals 
during, and for ^ hour to 1 hour after, the intravenous injection of one 
hter of isotonic Ringer’s solution which required one hour (Proc. Soc. 
Exper. Biol, and Med. 30: 543, 1937). Female subjects were used because 
their resistances are higher (West. J. Surg. 46 : 380, 1937) and the absolute 
changes greater. Decreases in resistance and Q-factor were obseiwed in 
the chest segment before they could be detected in the arm. In certain 
individuals, the electrical values first increase in the arm while decreasing 
in the chest, then, as the injection continues, both arm and chest values 
follow a decreasing course together. In other individuals, the chest 
values decrease practical!}'- continuously as injection progresses, the arm 
values varying very little until all of the Ringer’s has been injected, 
whereupon a decrease in the arm values be^ns which continues for a half 
hour or more after injection. In general, it may be said that the chest 
segment responds more rapidly and to a greater extent than the arm seg- 
ment to which it is attached. 

Electrically produced flicker in darkness. A. Barneti’ (introduced by 
S. E. Barrera). Department of Psychiatry, New York State Psychiatric 
Institute and Hospital, New York City. (Read by title.) 

When alternating current of low intensity and frequency (| cycle to 
35 cycles per second) and of sine form is fed transversely across the human 
head, a subjective sensation of light flicker may be made to appear varying 
in frequency with that of the current. Non-polarizable silver-silver 
chloride electrode wrapped in saline soaked absorbent cotton are used 
(one inch square) and are mounted on the temples or in contact -\rith 
saline pads inserted into the external auditory canal. Current values of 
0.2-0.8 milliampere are usually sufficient to produce the effect. With the 
subject in darlmess, if the current be gradually increased at a series of 
fixed frequencies and the thresholds for the first appearance of flicker be 
taken, the cuiwes of current strength against log frequency plotted from 
the results (Cold Spring Harbor Symp. 4: 150, 1936) takes the form of 
three intersectiug U-shaped curves with minima at 22 cycles, 7 cycles and 
4.5 cj'-cles. It has been sho-wn that the 22 cycle minimum may be obtained 
in bright light and the 7 cycle minimum in dim light (J. Psych., in press). 
However, it was not cei’tain whether these minima represented intrinsic 
electrical response constants of the optic tracts or whether they were 
characteristics of the latter as modified by the effect of light falling on the 
retina. Since these same minima are obtaiued in total darkness, it may 
be concluded that 7 cycles is the optimum frequency for electrical stimu- 
lation of those portions of the optic tracts connected to the rods and 
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22 cycles the corresponding optimum frequency for those portions con- 
nected to the cones and that neither of these optima is affected by light 
falling on the retina. The significance of the 4.5 cycle optimum is not 
known. It may be associated ivith the mechanisms responsible for 
idioretinal light. 

Electroencephalographic findings associated with electric shock therapy 
in patients with mental disorder. S. Eugene Barrera and Bernaru 
L. Pacella (by invitation). Department of Psychiatry, New York 
State Psychiatric Institute and Hospital, New York City. 

Using a two stage ink-writing recorder, push-pull amphfier system, with 
bi-polar readings, records were obtained during electric shock therapy on 
a series of patients suffering from mental disorders of various types. 
Records were obtained before administration of any treatment, during 
the coiu’se of single treatments, and at vaiious intervals during the course 
of therapy and subsequent to the cessation of therapy. 

The observations ma3’' be divided into two main groups; (I) Those asso- 
ciated with individual shocks resulting in a, minor or petit mal seizures, 
or b, generalized or major seizures; and (II) those associated with ad- 
ministration of successive shocks and with the effects remaining after 
cessation of the course of therapjL The essential “pathological” feature 
associated with the electric shock therapy in general was found to be the 
occurrence of slow potentials of a frequenc3’^ of 3-6 cycles per second oc- 
curring at random, or frequently in serial bursts, and which may persist 
for a considerable period of time following the cessation of the course of 
treatment. The incidence of these potentials seems to be related to the 
number of commlsive seizures. There is no definite relationship between 
the therapeutic status of the patient as a whole and the mcidence and 
persistence of the slow potentials following cessation of treatment. Elec- 
troencephalographic manifestations associated ^vith the administration 
of only the petit mal t3'pe of response were relative^ “mild” and transient 
as compared to those associated vdth the administration of major seizures. 

Some evidence in support of a sulfhydryl mechanism of blood clotting. 
J. Percy Baumberger. Physiology Department, Stanford University, 
Calif. 

Fibrinogen ma3' be converted to an incoagulable insoluble form by the 
j)hotod3mamic action of methylene blue in the presence of oxygen. The 
ox3'gen consumption during this process has been determined b3' means of 
manometric and polarogi’aphic methods. The results show that as the 
photod3mamic oxidation proceeds, successive samples of fibrinogen clot 
less and less rapidl3'^ on addition of thrombin or seium until finall3’^ no 
clot is obtained. ^^Tlen four molecules of ox3'gen have been consumed per 
molecule of fibrinogen, both the process of clotting and of photod3mamic 
ox3'gcn consumption cease. This stoichiometiic ratio is in fair agreement 
with the C3'steine content predicted b3'' Bergmann. 

Whether or not S-S or SH groups occur in the fibrinogen molecule was 
studied polarographicall3% Using the method of Brdifika, fibrinogen 
gives the two polarographic waves characteristic of proteins containing 
c.v.stine or cysteine or both. 

lodoacotate added to fibrinogen produced no decrease in the height of 
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the polarographic “protein waves.” However, when treated mth a 
detergent, Duponal WA, bj* Anson’s method, the polarographic “protein 
waves” of fibrinogen can be suppressed by monoiodoacetate. This shows 
that most of the thiol groups are in the reduced form but are only readil}’’ 
accessible after denaturation. 

When the thiol groups of fibrinogen are in the SH form clotting can occur 
but if an 3 * of these are oxidized bj’’ photodynamic action, clotting is dela 3 ^ed 
and the clot is less firm, and if all thiol groups are oxidized, no clotting 
results from the addition of thrombin. Bernheim cites literature indi- 
cating that thrombin is onl 3 '- active in the S-S form and suggests that 
naphthoquinone nia 3 ’' insure the presence of the S-S form in thrombin. 
Kuhnau and Morgenstern obtain a faint nitropnisside reaction Avith 
purified thrombin. This would indicate that the thiol groups are more 
accessible in thrombin than in fibrinogen and might be oxidized b 3 ' naph- 
thoquinone leaving fibrinogen SH unaffected. 

We propose the h3q3othesis that the long cr 3 ’'stals of fibrin that make up 
a clot are the result of the lining up of molecules through the formation 
of bridging S-S groups produced b 3 ’- oxidation of the SH groups of fibrinogen 
b 3 ’’ thrombin. 

Circulatory changes resulting from the inverted posture in normal and 
shocked animals. J. D. Beale, Jr. (b3' inAutation), L. L. Chastain 
(by invitation) and H. S. Wells. Department of Physiology and 
Pharmacology, School of Medical Sciences, Wahe Forest College, Wake 
Forest, N. C. 

In a series of 33 dogs, anesthetized with barbital, inversion at an angle 
of 70° almost invariably elevated arterial ])ressure, provided the head was 
ventro-flexed. Maximum elevations often required 30 minutes for full 
development and ranged from 2 to 64 mm. Hg, the mean being 25 ± 11.4 
mm. There was no correlation between the prevailing levels of pressure, 
which ranged from 45 to 180 mm. Hg, and the elevations re.sulting from 
inversion, except that a minimal change was more apt to occur above 150 
mm. In shock from hemorrhage or trauma, when blood pressure was 
mauitained below 70 for man 3 ’' hours, inversion resulted in the usual eleva- 
tion of pressure unless vasomotor, respii’atoiy or cardiac failure had mean- 
while developed to a severe degi’ee. In our opinion these terminal states 
can be relieved or postponed if .shocked animals are kept in the inverted 
posture. 

In 12 of 21 observations on 16 dogs inversion produced no significant 
change in cardiac output; in 7 cases it increased 18, 22, 26, 34, 37, 63 and 
96 per cent; while in 2 instances it decreased 27 and 28 per cent. Oxygen 
consumption increased 7 to 71 per cent in 6 of the 7 cases showing in- 
creased cardiac output. Respiratoiy rate and volume were correspond- 
ingly inci’eased, a change wliich, in vai-iable degree, commonl 3 '- resulted 
from inversion. 

Inversion elevated intrathoracic pressure 1 to 3 cm. Avater, but caval 
venous pressure at heart level was usually increased more, so that cardiac 
filling pressure was probabl 3 ’' increased. 

It is concluded, tentativel 3 q that inversion produces a primar 3 q gravi- 
tational elevation of arterial pressure and that this immediate rise ac- 
celerates the coronaiy and medullaiy ckculations to produce progressive 
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improvement of vasomotor tone and/or cardiac efl&ciency, so that blood 
pressure continues to rise for some time. Other factors doubtless comph- 
cate the picture. 

Oxygen poisoning of unicellular organisms and its relation to mammalian 

tissues. John W. Bean. Department of Physiology, University of 

Michigan, Ann Arbor. (Read by title.) 

There is erddence which suggests that the direct toxic action of oxj^gen 
at high pressures on isolated tissue is mediated through a poisoning of the 
same link in the chain of respu’ator 3 >' enzyme processes as that affected in 
cyanide poisoning. If this dhect toxicity of oxj'^gen at high pressure is 
due purety to a cyanimimetic action — ^pneumococcus, which is not appre- 
ciably affected bj’" cyanide, should not be altered bj’’ ox 3 ’'gen at high pres- 
sure. In order to get experimental evidence bearing on this point, pneumo- 
coccus t 3 T 3 e I was exposed to various pressures of ox 3 ’-gen in a pressure 
chamber the temperature, humidity and CO 2 content of which were main- 
tained constant. It was found that organisms seeded on blood agar 
plates failed to show any gi-owth at oxygen pressures just ginater than 900 
mm. Hg. Some few of these organisms, however, remained viable after 
24 hours exposure to this pressure as they did also to pressures as high as 
2660 mm. Hg as shomi by a definite but scant growth when subsequent^’' 
exposed to control conditions for 36 hours. Ox 3 ’'gen pressures of 4600 
mm. Hg not onl 3 ^ completely uilnbited all growth during the period of 
exposure to this pressure but must have killed all the organisms since none 
showed groviih when subsequent^’' returned to control conditions. The 
growth of pneumococcus t 3 ’pe I is not appreciably affected b 3 ’' air pressures 
as high as 4600 mm. Hg. It may be concluded therefore that oxygen at 
just over 900 mm. Hg pressure completely inliibits growth of pneumococci 
and at 4600 mm. Hg pressure not onl 3 ’' inhibits growth but kills these 
organisms. This action is not due to pressure per sc; while acute oxygen 
poisoning may involve the same fink in the respiratory enzyme processes 
in mammalian tissue cells as that affected by C 3 ’anide, its action is not 
limited to this specific point but rather attacks respiratory enzymes on 
a wider front. 

Alteration in the conductivity in the Tnammalian heart induced by oxygen 

at high pressure. John W. Bean and W. V. Whitehorn (by invita- 
tion). Department of Physiology, University of Michigan, Ann Arbor. 

(Read 63 ’’ title.) 

In 0 X 3 'gen poi.soning in dogs, there cominonl 3 '^ occur cardiac changes, 
particularl 3 ' a brad 3 'cardia upon which a tach 3 ’'cardia ma 3 ’' be superimposed 
during commlsive seizures. In the excised frog heart also, there is a 
similar slowing of heart rate as a result of a direct influence of oxygen at 
high pressure on the pace setter mechanism. One might reasonabb’' 
suppose there might be equalh' pronounced changes in conductivit 3 '' of 
the cardiac impulse under these conditions. To examine this possibilit 3 ’ 
the electrocardiograms of dogs decerebrated under transient ether anes- 
thesia; tied back down in a pressui’e chamber; and exposed to ox 3 'gcn 
pressures of o atmospheres, were recorded. Either the three standard 
leads with subcutaneous contacts, or an esophageal-rectal lead, were 
employed. The latter proved advantageous in minimizing the possible 
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involvement of the electrical changes hi the somatic muscles during con- 
inilsive seizures. In dogs with vagi intact the heart was slowed and the 
P-E, interval reversiblj'- prolonged by as much as 40 per cent. The degree 
of recovery was dependent upon individual differences in susceptibility 
and the length of the exposure. In vagotomized animals there was no 
significant change either in the consequent tachjTardia or in the P-R 
interval. 

These results indicate that the early bradycardia of oxygen poisoning 
is dependent largely upon vagal integrity and that the initial prolongation 
of the P-R inteiwal recorded in non-vagotomized animals exposed to 
oxygen at high pressure is of vagal origin. The tenninal slowing in the 
heart rate and the accompanying prolongation of the P-R interval is not, 
however, dependent upon vagal integrity since it occurred in both vagot- 
omized and non-vagotomized animals exposed to high ox 3 "gen pressure. 

Localization of the medullary respiratory centers in the monkey. Lindsay 

B. Beaton (bj’- inrdtation) and H. W. Magoun. Instiliiie of Neurology, 

Nortlmesiern University Medical School, Chicago, III. 

Emplo 3 dng the Horsle 3 '-Clarke technic, 14 mouke 3 ’s have been subjected 
to s 3 '^stematic exploration of the medulla vnth tl^ratron regulated con- 
denser discharges at a frequeuc 3 ' of 300/sec. and intensities from 1 to 8 
volts. It has proved possible to delineate two regions from Avhich, re- 
spectivel 3 '', sustained inspiratoiy and sustained expiratoiy’- responses can 
consistently be elicited. Such responses consist of a cessation of rh 3 ’-thmic 
respiration with the chest and diaiihragm fixed in a position of increased 
inspiration or expiration. 

The mspiratory area lies dorsall 3 ' to the rostral half of the inferior 
olivary nucleus. At its anterior extremity the inspiratoiy field is found 
close to the dorsal border of the inferior olive, extending from the midline 
4 mm. to either side. Near its caudal extremit 3 ’^ this center occupies a 
position more extensive both ventral^' and dorsall 3 % reaching from a 
point between the two inferior olives to one immediatel 3 ’ beneath the h 3 q)o- 
glossal nucleus. At this posterior level, however, the region from which 
inspiratoiy responses are invariabb’- obtained e.xtends only some 2.5 mm. 
from the midline. 

The expiratoiy area surrounds the inspiratory, lying rostralb'^, laterall 3 ' 
and caudalb’’ to the latter, and also dorsall 3 '^ to it except at that level where 
the inspiratoiy field reaches the hypoglossal nucleus. In addition, scat- 
tered expirations are elicited on stimulation beneath the inspiratoiy'^ center. 
Reaching the midline onR’ ahead of the inspiratoiy region, the expiratoiy 
center extends lateralb' up to 7 mm. from the median raphe. It is, for 
purposes of rough visualization, coextensive with the reticular formation 
from 1 mm. rostral to the inferior olive to the latter’s caudal end, excepting 
the compact inspiratoiy center. Other medullary stmctures are not 
responsive. 

The anatomical location of the respiratoiy centers in the monlcey coin- 
cide in general with those previously outlined for the cat. The inspiratory 
field is less and the expiratory field more disperse in the monkey than in 
the cat. The variations in the topograph 3 ' of the excitable regions in the 
two animals do not seem too great to be explained b 3 ' changes in the ar- 
rangement of medullary stmctures in members of different nhvloeenetic 
orders. 
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On the phosphorylation hypothesis of glucose absorption, with special 
reference to phlorizin. Lyle Vibert Beck (introduced by J. F. 
McClendon). Department of Physiology, Hahnemann Medical College, 
Philadelphia, Pa. 

The finding by Kalckar (Enzjnnologia 2: 47, 1937) that low concentra- 
tions of phlorizin inhibit the phosphoiylation of hexoses by rabbit kidney 
brei has been confii-med. Phlorizin also appreciably inhibits the acid 
phosphatases of rat kidne}'^ cortex and intestinal mucosa, Avhile having 
little effect on the corresponding alkaline phosphatases. 

Combined barium precipitation — n. HCl hydrolysis experiments, 
by procedures suggested by the wwk of Lohmann, indicate that the in- 
crease in organic phosphate produced in the intestinal mucosa of rats b}'^ 
giving them glucose by stomach tube (cf. Laszt and Sullmann, Biochem. 
Ztsclm. 278:401, 1935) is due to increase in concentration of several organic 
phosphate compomids. The considerable increase in the 0-7 minute n. 
HCl fraction is apparently largely due to formation of adenjdpjTophos- 
phate, since tins fraction w^as found mainl3’’ in the Ba precipitate fraction. 
Increases in the 7-180 minute n. HCl fraction and in the difficultlj’’ ly’-dro- 
lyzable fraction (not h3'-drol3’'zed in 180 minutes bj’' n. HCl at 100°C.) 
are due chiefij’’ to formation of carboh3^drate-phosphate compounds, since 
these fractions w'ere found mainly in the Barium soluble fraction. 

These expeiiments indicated that in the mucosa there is almost no 
glucose-l-PO^. Formation of hexose-6-P04 on gi^dng glucose is indicated 
by the increase in Ba soluble, difficultl3'’ h3’’drolyzable organic phosphate. 
Also, under these same conditions an increase in concentration of com- 
pounds giving the Seliwanoff fmctose reaction (Roe. J. Biol. Chem. 
107 : 15, 1934) occurred. 

M/50 phlorizin did not affect the increase in the 0-7 minute n. HCl 
(P3Tophosphate) fraction produced by 5.5 per cent glucose, but definitely 
diminished the increases otherwdse produced in the 7-180 minute fraction 
and in the difficultl3' h3’-drolyzible fraction. The increase in concentration 
of compounds giving the fructose reaction wdien glucose w'as given was 
diminished in the presence of m/50 phlorizin. 

^^^lile the above findings ma3'’ be interpreted as indicating that phos- 
phoiylation-dephosphoiylation processes pla3" a considerable role in 
glucose absoiption, the3' suggest that if this is true the pathwa3’^s involved 
are considerabb^ more intricate than a simple phosphoiylation and de- 
phosphorylation of the glucose molecule. 

Correlation of prenatal apnea, intrauterine respiratory movements, and 
respiration at birth with lung structure. R. F. Becker (b3" invitation), 
W'. H. A\HiTEnEAD (b3'' invitation) and W. F. Windle. Department 
of Anatomy, N orthwestern University Medical School, Chicago, III. 

It has been held b3' some that intrauterine respiratoiy movements occur 
normalK* in the human fetus near temi and that the consequent aspiration 
of amniotic fluid ma3' serve a useful function. The thcor3'’ finds no support 
in experiments in the guinea pig. Histological^' the full term human fetal 
lung usualh' shows evidence of aspiration, but it is possible to obtain 
material onh' after death in utcro; asph3Tcia as a cause of the as]iiration 
can not be excluded. 
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We have been able to observe no intrauterine respiratory movements in 
the unanesthetized, unasphyxiated, pregnant guinea pig near term. 
Direct obsei’vation of fetuses through the thin walled gravid uterus ex- 
posed under a local anesthetic revealed no fetal respiratoiy movements. 
When an apneic fetus whose trachea had been clamped in utero was 
delivei’ed, preserved in formalin and later prepared histologically, the 
lungs presented a compact gland-like appearance; bronchi and bronchioles 
possessed definite lumens but more distal passages and alveoli were col- 
lapsed. The lungs were less open than those of the usual human stillborn. 

Asphyxia induced experimental^ led to an increase in fetal activities; 
rapid but shallow respiration-like rhythms of movements sometimes 
appeared. As the asphj^xia became more marked the fetuses began to 
execute true respiratory movements in utero; these were slow and deep, 
and aspiration of amniotic fluid was clearly obseiwed. Sections of lungs of 
fetuses aspirating in utero under asph 3 odal conditions showed varjdng 
degrees of expansion of respiratory bronchioles and alveolar ducts. 

Unasphj^xiated fetuses dehvered bj’- Cesarean section under local anes- 
thesia as Avell as b}’’ normal labor began to breathe almost immediately. 
After breatliing for five minutes the lungs showed fully expanded respira- 
tory bronchioles and alveolar ducts but most alveoli were stiU collapsed. 
During the course of the first postnatal daj’^ expansion of the newborn 
lung increased progressivel 3 ^ 

Respiration of the midgut gland of the Kelp crab {Pugeitia producia) 
in relation to body size. H. S. Belding (by invitation), J. Field, 2d 
and F. W. Weymouth. Laboratory of Physiology, Hopkins Marine 
Station, Stanford University, California, and Department of Zoology, 
University of Connecticut. 

Relatively few data are available concerning the metabolism of marine 
invertebrate tissue in vitro. The present investigation, which is pai’t of 
a general studj’’ of metabolism in the marine invertebrates of Monterej’’ 
Baj'-, California, serves to supply additional data of this sort. A series of 
61 crabs, 28 males and 33 females, of graded size, was studied. Oxygen 
consumption of excised midgut gland was measured by the Warburg 
manometric method. 

In this series body weight ranged from 0.50 to 275 gm. and carapace 
length (rostral notch to posterior margin of carapace) from 1.30 to 9.68 
cm. Qo- (in c.mm. oxygen, N.P.T., per mgm. dry weight per hour) ranged 
from 0.47 to 3.98 (15°C.). It was found that the regression Hnes of Qoi 
on both carapace length and log bod}'^ weight were linear. The coefiicient 
of correlation between Qoi and carapace length was— 0.845 for the whole 
series (there was no significant difference between the sexes) and that 
between Qos and log body weight was— 0.867. The corresponding stand- 
ard errors of these correlations were 0.0369 and 0.0320; the corresponding 
standard errors of estimate were 0.434 and 0.405. 

Since the correlation between body size and age is close in these animals 
(Weymouth, McMillin and Rich, 1925), it may be assumed that a decrease 
in the Qoj of the midgut gland occurs with increase in age. This relation- 
ship is similar to that shovm by various workers for certain mammalian 
organs (Pearce, 1936). 
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Concentrations of ascorbic acid and the phosphatases in secretions of the 
male genital tract. Owen C. Berg (by imdtation), Charles Huggins 
and Clarence V. Hodges (by imdtation). Department of Stirgery, 
The University of Chicago, Chicago, III. 

In dogs with surgical isolation of the prostate gland permitting the 
collection of prostatic fluid for man}* months, the restuig semen occurring 
wdthout adventitious stimulation was compared vdth semen obtained 
following intravenous injection of pilocarpine. Resting semen is consist- 
entlj' sUghtl}"- more alkaline (0.6 pH units), contains slightly less total 
CO 2 (0.8 mM), and considerablj’’ less chloride (52 m.-eq. per liter) than 
stimulated semen. A reciprocal relationship was found between the phos- 
phatases in resting and stimulated semen; in resting semen alkaline- 
phosphatase and acid-phosphatase are respectivelj’- high and low in con- 
centration, Avhile stimulation vdth pilocarpine causes these values to be 
reversed. 

It has previousl3’’ lieen shown that the concentration of ascorbic acid 
is cbnsiderablj’’ higher in semen than in the plasma of guinea pigs. Ascor- 
bic acid was found at the plasma level in prostatic fluid of guinea pig, dog 
and man, whereas in the seminal vesicle fluid of man and guinea pig it 
was considerably'’ increased. The ascorbic acid concentration of human 
ejaculate was considerably higher than that of human resting seminal 
vesicle fluid. The seminal vesicle is thus the chief source of ascorbic acid 
in semen, and its concentration increases during active secretion by this 
stnicture. 

The regulation of cholic acid output in the acholecystate state. A. L. 
Berman and E. F, Snapp (introduced by F. T. Jung). Departmmt 
of Physiology and Pharmacology, Northwestern University Medical 
School, Chicago, III. 

We have studied the regulation of cholic acid output in “suction” 
biliary-duodenal fistula dogs when the bile is circulated through the entero- 
hepatic circuit hourly day and night. In this experiment we have at- 
tempted to approximate as closely as possible the situation Lu the cholecys- 
tectomized patient whose bile is constantly being re-circulated through the 
entero-hepatic circuit because of the absence of the storage and concen- 
trating functions of the gall bladder. After the animal reached its basal 
cholic acid output for our standard diet with no retui’ii of bile, the bile 
secreted duiing each hour, except for 0.1 cc. used for cholic acid determina- 
tion, was returned to the duodenum during the 5 to 10 minutes of tl^ suc- 
ceeding hour so that the cholates made 24 entero-hepatic circuits each day. 
During the exiieriment the standard diet was fed in divided amounts tMce 
times a daj , thus keeping the basal cholate synthesis constant. The 
cholic acid output increased rapidly until the 40th hour, when a constant 
level of 0.53 gram per hour or approximatelj' 4.3 grams per 8 hours was 
attained. When the cholates are circulated three times in 24 hours, the 
homeostatic level of 4.1 grams per 8 hour period was reached at approxi- 
mately the 240th hour. IWien we analyzed our results by fitting tliein to 
the equation for a straight line, we obtained, for example, the following 
results during a ty^pical c.xperiment: percent recovery = 89 per cent 
(actual, 93 per cent; basal cholate synthesis = 0.50 gram per 8 hours 
(actual, 0.51 gram; homeostatic level = 3.9 grams per 8 hour period 
(actual, 4.3 grams). Thus it appears that regardless of the number of 
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entero-hepatic circuits^ i.e., within the limits studied by us (3-24 per day), 
the regulatoiy mechanism for cholic acid output seems to be the same, 
except in reference to the speed in reacliing the optimum output level. 
The homeostatic level depends on the basal cholic acid s 3 mthesis which in 
turn depends on the amount of protein in the diet. 

Reversals of blood pressure responses by changing frequencj^ of forebrain 
stimulation. Charles Berry and Robert Hodes (introduced bj^ 
S. W. Ranson). Tnsiiiuic of Neurology, Northwestern- University 
Medical School, Chicago, III. 

Electrical stimuli consisting of short duration pulses of constant form at 
frequencies controlled between 1 and 300 per second were delivered thi’ough 
bipolar electrodes oriented bj’ a Hoi'selej'-CIarke instrument. Cats were 
used and the cardiovascular responses were simultaneously recorded on 
cathode raj’’ oscillograms from the left inferior cardiac nerve and on kjmo- 
grams of carotid blood pressure. 

Throughout most of the hjqiothalamus iiroper, stimuli at rates of 5 or 
more per second usuallj’’ caused rises in blood pressure associated vith 
increases in electricallj' detectable activitj’’ in the cardiac neiwe. Stimu- 
lation of these same points until rates below 5 per second usually changed 
the responses to rapid falls providing the shocks were of considerable 
intensity, 10 or more peak volts. During the depressions, each stimulus 
was follow'ed bj’’ a simple or complicated spike; between such spikes, the 
sympathetic activity was reduced or abolished in the electrical records 
from the cardiac neiwe. 

From areas surrounduig the hypothalamus anteriorlj^ (preoptic regions), 
dorsally (thalamus), laterallj’’ (internal capsule), and ventraUy at the 
surface of the brain, depressor responses were frequentty obtained uith 
a wide range of frequencies up to 300 per second. During these depres- 
sions, the general activity in the cardiac nerve was depressed with no 
spikes driven bj’’ the stimuli. At only a few points in these regions sur- 
rounding the hyiiothalamus could the depressors be converted to pressors 
as the stimulus rate was increased. These conversions occurred at various 
unpredictable critical frequencies between 20 and 150 per second, but 
were obtainable with stimuli maintained below 10 volts. 

Thus, two types of blood pressure reversals mth changes of stimulus 
rate were revealed by differences in their ranges of critical frequencies, in 
their associated electrically detected sympathetic outflow, and in their 
localization in the forebrain. 

Studies on the etiology of traumatic shock. C. H. Best and D. Y. Solandt. 
Departments of Physiology and Physiological Hygiene, University of 
Toronto, Toronto, Canada. 

Traumatic shock has been produced in a large number of dogs. Fluid 
loss at and adjacent to the site of injuiy was measured by a volume-dis- 
placement technique. From these experiments we conclude that, although 
many animals in so-called traumatic shock die as a result of local fluid loss, 
in the majority of cases this is not the only etiological factor. A type of 
traumatic shock can be produced in which this fluid loss, although con- 
siderable, is not alone great enough to cause death. Local fluid loss is, as 
Blalock has repeated^ emphasized, a major factor in the production of 
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such shock, but some additional etiological factor or factors must be 
postulated. 

The early work of Baj'^liss and Cannon, the recent work of Moon and of 
Essex and his collaborators, and our own exchange-transfusion experiments, 
suggest that a toxic substance or substances released from injured tissue 
may play a role in the production of traumatic shock. Various attempts 
to identhy these substances have been unsuccessful. 

The role of ascorbic acid in the inactivation of sympathomimetic amines. 
Kael H. Beyee (introduced by Walter J. Meek). Department of 
Physiology, University of Wisconsin Medical School, Madison. 

Recent Avork on the metaboUzation of sj'mpathomimetic amines has 
shovm some of them to be excreted as such bj’- the kidne3’^s. ■ Others of 
these compounds ive haA’^e found to be inactivated both in the bodj”^ and 
bj’- enzyme systems. However, some of these compounds not inactwated 
in the presence of amine oxidase or phenol oxidase are not totallj’’ excreted 
as such or conjugated. From our studies of other possible modes of 
detoxication aa'c haA'-e found vitamin C capable of causing inactwation of 
certain of these compounds both in vitro and in vivo. 

In vitro, bubbling air through a phosphate buffered solution of ascorbic 
acid and certain s3’’mpathomimetic amines at 37°C. (pH7.0) caused the 
production of color and the liberation of ammonia which could be distilled 
from basic solution into HCl and estimated bj' titrating the excess HCI 
AAdth NaOH. By this method aa-c found a, /3-phen3'’lisopropylamine 
(amphetamine ) ; b, j3-phenyl-/3-h3'-dro.xyisopropanolamine (propadrine) ; c, 
|3-phen3dpropylainine, and d, 7-phen3dpropylamine to be deaminated with 
the recoveiy of up to 55 per cent of the ammonia, depending on the amine 
and the relative proportion of ascorbic acid and amine. Under similar 
conditions a color Avas produced b3'^ deamination of e, ^ (4-hydrox3T3henyl) 
isopropylamine (parediine) and /, /3 (4-hydro.xyphen3d)-ethy]amine (tyr- 
amine) did not occur to an3^ appreciable extent. 

To determine the significance of these reactions in vivo we studied the 
excretion of amphetamine as influenced by the administration of ascorbic 
acid. Ten milligrams of amphetamine were injected subcutaneous^'’ 
dail 3 ’’ into 5 dogs. After the normal daily excretion of amphetamine was 
estimated for a Aveek, 200 mgm. or, in some dogs 400 mgm., of ascorbic 
acid AA'ere also injected subcutaneousl3' daily. In eA''er3'’ case Avithin 3 or 
4 da3^s after ascorbic acid AA-as started the output of amphetamine began 
to decrease, reacliing a value of 35 per cent (aA'’0 of the controls in about 
7 da3’s. VTien the injections of the Adtamin AA’ere discontinued the ex- 
cretion of amphetamine returned Avithin a AA'eek to the control values for 
the indmdual dog. 

These results clearb’- suggest that ascorbic acid may pla 3 ’^ a r6le in the 
inactiA’^ation of certain s3’mpathomimetic amines in the bod3', probabU' 
by deamination. 

Acute renal hypertension produced by an amino acid. R. J. Bung and 
M. B. Zuckee (introduced b3’’ M. I. Grcgersen). Department of Physi- 
ology, College of Physicians and Surgeons, Columbia University, New 
York City. 

Tiie isolated kidno 3 ' of the cat perfused A\-ith reduced lilood flow converts 
the amino acid 1-dopa (l-dih3'droxyphenA-lalanine) into its corresponding 



PROCEEDINGS 


P215 


pressor amine, hydroxj’-tyramine (R. J. Bing). The follomng studies 
were undertaken to determine whether a similar reaction occurs in the 
completely and partially ischemic kidney in vivo. Cats anesthetized 
Avith nembutal (39 mgm. per kgm. bodj’’ Aveight intraperitoneally) AA’ere 
used. The release of hj'-droxytju'aminc from the ischemic kidnej'^ AA’-as 
detected by its effect on the blood pressure. 

In 15 experiments circulation through the vessels of both renal pedicles 
Avas completelj'- excluded bj’’ seraphincs. Collateral circulation through the 
renal capsule remained unimpaired. Immediately after the vessels had 
been clamped, 10 mgm. of dopa dissolved in 3 cc. of Ringer’s solution were 
injected into the substance of one Iddney. After 2 hours the clamp on 
the pedicle of the uninjected kidney Avas removed. No rise in blood pres- 
sure occurred. Fifteen mmutes later the circulation through the injected 
kidney Avas restored. This AA^as folloAved by a steep rise in blood pressure 
aA^eraging 100 mm. Hg, the effect lasting for 15 minutes. Cocaine hj'^dro- 
chloride (6 mgm. per kgm. bodj'^ AA^eight) enhanced both the height and 
the duration of the response. 

SeA^enteen experiments AA^ere performed on the partially ischemic kidney. 
In 8 of these 10 mgm. of dopa AA^ere injected into the renal arter}’-; in the 
other 9 the injection was made direct^ into the renal substance. Partial 
reduction of the blood floAv AA^as accomplished by placing a Goldblatt 
clamp on the renal artery. In both series of experiments the blood pres- 
sure increased Avithin 3 to 5 minutes after the injection. The height and 
duration of the rise A'^aiied vith the degree of ischemia produced bj^ the 
clamp. Rises amounting to 120 mm. Hg AAm’e recorded, the effect lasting 
from 10 to 16 minutes m different cases. Control experiments in AA'hich 
Ringer’s solution AA'as injected produced no elevation of the blood pressure. 
LikeAAuse, there AA'as no pressore response AA’hen dopa Avas injected into 
kidne3'’s AAith normal blood floAV. It is apparent that both renal ischemia 
and dopa are necessaiy for the formation of a iiressor substance, pre- 
sumably hydroxytyrainine. 

Calibration studies of the reflation of body temperature in normal dogs.^ 

J. Reese Bl.ajr (by invitation) and A. D. Keller. Department of 

Physiology and Pharmacology, University of Alabama, University. 

The regulation of bodj’’ temperature in tAvelve normal dogs was studied 
Avith a tAvofold purpose in mind: 1, to calibrate each animal for subsequent 
quantitative studies of the effect of brainstem lesions upon temperature 
regulation; 2, to obtain normal observations for use as a basis in determin- 
ing the degree of impairment of temperature regulation in pre\dously 
uncalibrated dogs possessing similar lesions. 

All dogs used were adult females, A'-arying in size from 4 kgm. to 7 kgm. 
body Aveight. Six AA^ere of the short-haired variet}'- and six of the long- 
haired variety. The caUbration studies Avere carried out by obseiwing the 
rectal temperature, shivering, and respiration of each dog maintained in 
various thermal enAuronments for eight-hour periods. EnAuronmental 
temperatures used Avere a refrigeration box at 10°C., and heat boxes at 
33°C., 36°C., and 39°C. The dogs were not fed for a period of twenty- 
four hours preceding an3'- experiment so as to insure that they Avere in a 
post-absorptive state. Precautions were taken to proAdde proper ventila- 

* Aided by a grant from the Rockefeller Foundation. 
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tion and humidity control in each case. Experimental observations were 
made over a period of twelve months, studies being carried out before and 
after the dogs had been exiiosed to the mtense heat of the summer months. 

Some correlation was obseiwed between the pattern of the temperature 
regulation cmwe and the animal’s coat of fur. Although the cuiwes for 
indi\ddual dogs at anj’ particular environmental temperature remained 
fairly constant, a somewhat different set of cuiwes were found to prevail 
for short-haired dogs as compared to long-haired ones. The most marked 
differences in the two were: 1, long-haired dogs Avere able to maintain a 
more constant body temperature in the different environments emploj’ed, 
and 2, short-haired dogs requhed a greater rise in rectal temperature to 
initiate panting. 

The use of the results in determining the impaument of temperature 
regulation in se\’’eral dogs possessing brainstem lesions aa’^UI be demonstrated. 

The role of androgen in the production of medullary bone in pigeons by the 
administration of sex hormones. Margaret A. Bloom (by uiAutation), 
William Bloom (by inAutation) and Franklin C. McLean. De- 
partments of Analomy and Physiology, University of Chicago, Chicago, 
III. (Read bj’’ title.) 

As previouslj’’ reported (Bloom, Bloom, Domm and McLean, 1940) 
we have been able to confiim the results of others bj’^ producing neiv bone 
in the medullary caAuties of the long bones of pigeons, by the administra- 
tion of large doses of a-estradiol, but only AA’hen the estrogen AA'as given in 
the spring. Similar doses of estrogen gii’-en to male pigeons in December, 
or to castrate males either in December or in the spring, produced no such 
effect or a minimal activity in the endosteum. 

When testosterone propionate Avas ad minis tered alone to castrate male 
pigeons it led to no formation of medullarj’’ bone. But Avhen a-estradiol 
was administered together Avith testosterone propionate, the latter in 
doses of 0.5 to 2.0 mgm. daily, extensive medullaiy bone formation oc- 
curred in both male and castrate pigeons in December. Experiments are 
noAV under way to determine AA^hether the necessary dosage of estrogen maj”- 
be reduced when administered AAuth androgen. i • i 

Hypercalcemia Avas produced in male and castrate pigeons, both 
spring and in December, bj’’ administration of large doses of a-estradiol. 
Testosterone did not enhance this effect. 

Excretion and storage of bromide ion. Oscar Bodansky and Walter 
Mobell (introduced by McKeen Cattell). Department of Pharma- 
cology, Cornell University Medical College, New York City. 

The excretion of bromide ion Avas studied a, in fasting dogs fmloAAmg 
single intravenous injections of sodium bromide and of sodium chloride; 
b, in dogs receiving a daily constant amount of sodium chloride and sodium 
bromide in their food. 

Wliether bromide was excreted in more than negligible amounts de- 
pended not upon the concentration of serum bromide, but upon the con- 
centration of total serum halide (i.e., chloride plus bromide). In general, 
excretion did not occur at levels beloAV 108 mM of total halide per liter of 
serum, in the absence of sabTgan or theophjdline. The amount of bromide 
excreted following intraA'cnous injection Avas related to a, the state of halide 
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saturation of the animal; b, the bromide: halide ratio in the serum, and c, 
a parameter, K, representing the ratio of the mols per cent of bromide in 
the urinary halide to that of bromide in the serum halide. K had a value 
ranging from about 0.7 to 1.0 during the period of diuresis immediately 
following large injections of sodium chloride or of sodium bromide; in 
subsequent periods, K decreased to a value of about 0.4. Salyrgan and 
theophylline led to considerable increases in the excretion of both bromide 
and chloride; K, in these instances, ranged from about 0.7 to 1.0. Sodium 
sulfate and large amounts of water did not appreciabl}’- increase the excre- 
tion of bromide or of chloride. In accumulation experiments in which a 
daily constant amount of bromide and chloride was given in food, K rose 
during the period of bromide storage. During the period of increasing 
concentration of bromide in serum storage proceeded in accordance with 
the distribution of this ion in the exti’acellular fluid. 

Some properties of protyrosinase. Joseph Hall Bodine and Thomas 

Hunter Allen (by invitation). Deparbneni of Zoology, State Uni- 
versity of Iowa, Iowa City. 

Certain jireparations catalyze the oxidation of t 3 U’amine to melanin, 
because thej’’ contain active tjn’osinases. Other extracts do not catalyze 
this oxidation unless activators react with their prot 5 Tosinases. Extracts 
from various sources contain the enz 3 TOe, the proenz 3 Tne, or mixtures of 
the two. 

a. A mushroom and a potato furnish tyrosinase but no protyrosinase. 

b. Mealworms and grasshopper eggs 3 deld protyrosinase but no tyro- 
sinase. 

c. Crayfish semm has protyrosinase and tyrosinase. 

The prot 3 n’osinases from grasshopper egg and mealworm preparations 
do and do not share certain properties. 

Those which the 3 '’ share are: 

a. The power of catal 3 ^sis Avhich seems to be associated with a particular 
form of copper. 

b. The property of being activated by egg and mealworm oils, sodium 
oleate, and chloroform, acetone, urethane, and urea. 

Those which the 3 ’' do not share are: 

a. The form of the activator (sodium oleate) concentration functions. 

b. The ability of being activated b 3 '^ certain heat treatments. 

e. The power of being activated b 3 ’^ removal of electrolytes. 

d. The solubilities in various concentrations of ammonium sulfate. 

Thus -it seems that protyrosinases are in a class of compounds whose 

members vaiy according to the source of preparation. 

Impaired mobilization of liver glycogen in the absence of the anterior 

pituitary as a cause of insulin sensitivity^ R. C. de Bodo and H. I. 

Bloch (by invitation). Department of Pharmacology, New York 
University College of Medicine, New York City. (Read by title.) 

1. We have found a close parallellism between insulin sensitivity and 
resistance to the hyperglycemic action of adrenaline in partially and com- 
pletety h 3 q)ophysectomized dogs. Insulin, 0.025 U/kilo injected intra- 
venously, produces h 3 q)Ogl 3 ^cemic shock in completely h 3 ^pophysectomized 

^ Aided by a grant from the American Philosophical Society. 
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dogs, but onl}^ a slight or negligible drop in blood sugar in normals. Adren- 
aline, 0.0035 mgm./kilo/min., infused intravenouslj'^ for five minutes, 
produces marked hj^erglj^cemia in normal dogs, but onlj'^ a slight and 
transient effect in lijTDophysectomized dogs (see abstract by de Bodo, 
Sweet and Bloch). Partiallj’" h 3 qjoph 3 ’’sectomized dogs are more sensitive 
to insulin and more resistant to adi-enaline than normals, but less so than 
completely h3q5ophysectomized dogs. 

2. Despite this close parallelism adrenaline resistance cannot be the 
cause of msulin sensitivitjL Adrenal-inactivated (right adrenal removed, 
left denen'^ated and demedullated) and cortine-treated-adrenalectomized 
dogs, although showing somewhat greater response to insulin than normals, 
are by no means as sensitive to it as hjqiophj^sectomized dogs. 

3. Both insulin sensitivitj'^ and adrenahne resistance are attributed to 
a common cause: impafied mobihzation of liver gl 3 '^cogen. 

A. Normal animals performing moderate exercise maintam their blood 
sugar level and muscle gl 3 ’^cogen content while utilizing large amounts of 
carboh 3 ’’drate. The sugar utilized in the muscles is drawn from the blood 
sugar which is replenished from liver gtycogen. Since this liver gl 3 ’'cogen 
mobihzation occurs in the absence of adrenal medulla and liver nerves, 
factors other than these two must be involved (This Journal 123 : 18, 1938). 

B. Recover 3 ’' from insulin h 3 T;Doglycemia occurs at the expense of liv’^er 
glycogen. Here too adrenahne and liver nerves are not essential fco 
mobihzation of liver glycogen; again other factors must be involved. 

C. In hypoph 3 ’-sectomized animals given minute anmunts of insulin 
there is an abrupt fall of blood sugar to hypoglycemic levels without 
recovery. This reveals that liver gtycogen (present in large quantities) 
is not mobilized b 3 y the factors normaU 3 ’’ effective as in A and B. Adren- 
aline liberated at a certain level of h 3 ypogl 3 ycemia is also ineffective in 
mobilizing liver glycogen. 

Conclusions: the factors normahy effective in mobihzing liver glycogen 
are ineffective in the absence of the anterior pituitaiy, and this is an im- 
portant cause of the sensitivit 3 y to insuhn observed in hypophysectomized 
animals. 

The role of the anterior pituitary in adrenaline hyperglycemia and liver 
glycogenolysis.^ R. C. de Bono, J. E. Sweet and H. I. Bloch (by 
invitation). Department of Pharmacology, New York Univer^ty 
College of Medicine and Department of Surgical Research, Cornell Uni- 
versity Medical College, New York City. (Read by title.) 

WTien adrenahne, 0.0035 mgm./kilo/min., is infused intravenously for 
five minutes into normal dogs in the post-absorptive state a prompt and 
marked rise in blood sugar occurs. Within fifteen minutes from the be- 
ginning of the infusion the blood sugar reaches its maximum, an increase 
of 70-90 per cent, and then gradually returns to normal within 60-120 
minutes. In contrast to this, h 3 ypophysectomized dogs under identical 
conditions show only a slight rise in blood sugar, the maximum increase 
being only 12-24 per cent and the blood sugar returning to normal within 
30-45 minutes. 

The absence of a marked h 3 yperglycemic response in the h 3 ypophysec- 
temized dogs can not be attributed to a lack of liver glycogen, since several 

’ Aided by a grant from tlie American Philosophical Society. 
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of these animals were sacrificed’'and their Hver gl3^cogen content was found 
to be 3.8-4.5 per cent, well within nonnal limits. Furtheimore some of the 
animals died in spontaneous hj^ioglycemic shock and had 1. 2-2.0 per cent 
liver gtycogen content a few hours after then- death. Some died in experi- 
mentally induced insulin shock and had 2.7-2.9 per cent liver glj’^cogen. 
On the other hand, normal dogs fasted for 7-14 da^’^s, having smaller 
amounts of liver glj'cogen than the hjTDophj’^sectomized animals, showed 
a greater response to adrenaline. Normal dogs fasted for such a length 
of time were found to contain 1.0-1 .3 per cent liver glj'cogen and yet 
show'ed an increase of 30-60 per cent in blood sugar Avhen adrenaline, 
0.0035 mgm./kilo/min., Avas infused intravenously’- for five minutes. 

In another series of dogs in w'hich only’- the neurohypophysis had been 
destroy’-ed and the anterior pituitaiy left intact, producing permanent 
diabetes insipidus, adrenaline infused intravenously^ in the same quantities 
produced the same effect as in normal animals. 

Since there is hardly’^ any’- increase in blood sugar in the hyqiophysec- 
tomized animal in response to an amount of adi-enaline given intravenously 
which produces a marked hyperglycemic reaction in normal dogs and since 
this absence of response in the hypophy^sectomized dog is not due to a lack 
of liver glycogen, it is concluded that in the absence of the anterior pituitary 
the liver glycogen is not readity mobilized by’- adrenaline. 

The influence of the thyro-parathyroid glands on a remaining kidney.^ 
E. L. Borkon (introduced by’^ M. A. Hinrichs). Department of Physi- 
ology and Health Education, Southern Illinois Normal University, 
Carbondale, III. 

Thirty-day old albino rats w’ere subjected to a right nephrectomy’^ and 
one half of these had the thy’-roid and the parathyroid glands removed 
using the method described by- Templeton (Endocrinology’^ 21: 541, 1937). 
Immediately after operation and for the next one hundi-ed day’-sboth 
groups w’ere fed a diet of Purina Fox Chow, ad hbitum. On the hundredth 
postoperative day’-, all the rats were sacrificed and the remaining left 
Iddney’^ of each Aveighed, after being stripped of its capsule. The left 
kidneys Avere then either burned to obtain total ash AA^eights or were pre- 
pared for histological examination. Wet Aveights of the left kidney’^s in 
the first group of experiments AA'ere as folloAA’s: 


1 

ATEBAGE 

KIDNEY 

WEIGHT 

HANGB or 
KIDNEY WEIGHTS 

AVEHAGE 

BODY 

WEIGHT 

RANGE OF 
RAT 

WEIGHTS 

KIDNEY 
PER KILO* 
GRAM BODY 
WEIGHT 

Right nephrectomy and thyro- 

prams 

grams 

prams 

I grams 

grams 

parathyroidectomy 

0.917 

0.855-0.972 

211 

190-243 

4.346 

Right nephrectomy only 

1.595 

1.321-2.012 

; 275 

250-320 

1 

5.799 


Histological and ash findings are not y-et complete. Other experiments 
are ah-eady begun in AA’hich one kidney- AA^as remoA’-ed and the effects of 
feeding 0.2 per cent desiccated thyroid upon the remaining kidney’- Avere 
studied. Still other experiments in progress repeat the aboA’^e experiments 
but leaA’^e both kidney’^s intact. At this time 59 rats haA’-e been obsen^ed. 


^ Aided by a griint from the Ella Sachs Plotz Foundation. 
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Correlation of potency of urine extract to inhibit gastric motility with 
potency to i^ibit secretion. J. E. Botjrqije, Jr. (by invitation), 
M. H. F. Friedman (by invitation) and T. L. Patterson. Depart- 
ment of Physiology, Wayne 'University College of Medicine, Detroit, 
Mich. 

These experiments were undertaken to deteimine whether the inhibition 
of gastric secretion and inhibition of gastric motihty by urine extracts were 
due to the same active principle. Relatively non-toxic and pyrogen-free 
extracts prepared from urine of noimal individuals and of patients mth 
gastro-intestinal pathologies, were employed. These extracts were ad- 
ministered intravenously to gastric fistula dogs pimnousl^'- fasted for 48 
hours and the contractions recorded by the balloon-bromoform manometer 
method. Control experiments consisted of recording gastric motility 
■without administration of the extracts, as well as. •with injections of a 
placebo. The effect of the extracts on gastric secretion was studied in dogs 
with a Heidcnhain pouch. 

The latent period for the inhibition of gastric motility w'as found, to 
be approximatel}’^ the same for all extracts of normal male urine prepared 
by the same procedure. However, the duration of the inhibition exerted 
by the extracts varied -vrith the preparation. The latent period for the 
irihibition of gastric motility was shoiier than for the inhibition of gastric 
secretion. The degree and duration of the inhibition of gastric motility 
appear to be correlated with the degree of inhibition of gastric secretion 
by the same extract. However, after continued injections of urine e:?- 
tracts, two dogs became refractory to previously adequate doses. This 
prevents any emphasis of the quantitative aspects of the results. Recheck 
experiments vith freshly prepared do^, indicate that the data obtained 
previous to the onset of the refractory state are probably correct. 

Variations in diastolic volume and stroke output of the ventricles with the 
phases of respiration. T. E. Boyd and Mary C. Patras (by invita- 
tion). Department of Physiology and Pharmacology, Loyola University 
School of Medicine, Chicago. 

A cardiometer was used, the chest being closed and natural breathing 
allowed to go orr. The recording device was a sensitive tambour, its 
membrane inclosed on both sides. The air chamber on one side is con- 
nected to the cardiometer, that on the other to the intrapleural space of 
the animal. Respiratoiy excursions of the membrane are too small to 
interfere seriously with cardiometric recording, and external pressure on the 
ventricles follows the normal respiratory changes of intrathoracic pressure. 

With inspiration, diastolic volume increases. Combined stroke output 
also increases, reaching a maximum at the end of inspiration or with the 
first systole following the onset of expiration. With expiration diastolic 
volume and stroke output are reduced gradually, reaclung a steady level 
if the exi3irator3' pause is sufficiently’' prolonged. These effects are ex- 
aggerated by the deep and prolonged inspiration of the vagotomized animal, 
also by’ obstruction of the trachea. 

Earlier workers have reported a reduction of stroke output during in- 
spiration, but the procedure followed left the ventricl&s under constant 
atmospheric pressure. We obtain the same result under similar condi- 
tions. It evidently' is due to abnormal rasistance to ventricular filling, 
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especially during inspiration, blood being dammed back into the auricles 
and veins. If the recording tambour is shut off from connection ivith the 
thoracic cavity, and opened to outside air, I’^enous pressure rises and its 
respiratoiy fluctuations are reduced. 

Action potentials of visceral smooth muscle. Emil Bozler. Depart- 
ment of Physiology, The Ohio State University, Columbus. 
iVIonophasic action potentials of various t^Tpes of -risceral smooth muscle 
were studied by means of a direct coupled amplifier. The discharge of this 
type of muscle normalty consists of brief impulses, but the peristaltic 
waves of the ui-eter ai’e accompanied, in most species, b3’' a negative varia- 
tion which is sustained for some time as in cardiac muscle. In the ureter 
of the guinea pig there is, instead, a discharge of high frequencj'-, but this 
discharge usualty is superimposed on a slow negative variation which may 
persist after all signs of rh3dhmic activity have disappeared and is ac- 
companied b3’’ continued activity of the muscle. Such action potentials 
ma3'' be considered as intermediate between a repetitive discharge of dis- 
crete spike potentials and the potential change with a plateau in which the 
impulses have fused entirel3L A retention of negativit3^ following a spike 
potential also ma3'^ appear in the discharge of uterine muscle. A positive 
after-potential was found under certain conditions. Slow potential 
changes which run parallel with the mechanical response such as are often 
described in the literature were not observed in experiments vdth isolated 
muscle preparations. 

Effect of angiotonin on circulatory dynamics.^ St^vnley E. Bradley 
and Barbara Ann Parker (introduced b3’^ H. W. Smith). Depart- 
ments of Physiology and Medicine, New York University College of 
Medicine, New York City. (Read b3’' title.) 

A purified preparation of angiotonin, the pressor principle which Page 
and his collaborators have suggested as the chemical mediator in both 
experimental and clinical h3TDertension, was supplied to us through the 
kindness of Drs. Page, Corcoran and Helmer, and in addition to other 
studies we thought it of interest to examine its effects on the cardiovascular 
system of normal subjects. 

Cardiac output ivas measured b3'^ the balhstocardiograph of Starr et al., 
and simultaneous records of the radial arterial pressure were recorded vuth 
a Hamilton membrane manometer. The electrocardiogram was recorded 
with a string galvanometer. Mean arterial pressure was calculated from 
the area under the blood pressure tracing as measured mth a planimeter, 
and mean effective peripheral resistance was calculated in e.g.s. units from 
Frank’s classical equation. The angiotonin was gii’-en intravenousty in 
one or two cc. doses. 

In no instance was there an3'' subjective response. Ten to 15 seconds 
after injection the blood pressure rose sharpty, s3^stolic pressure lising much 
more than diastolic. Cardiac output was markedty reduced and did not 
recover to its control value until the pressor effect had worn off. The re- 
duction in cardiac output was largety the result of slowing of the heart 
(? vagal inhibition) , the stroke volume falling slightty. The intravenous in- 
jection had no immediate effect on the ballistocardiograpliic record or 

* Aided a grant from the Commonwealth Fund. 
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the electrocardiogram. Peripheral resistance rose sharply to more than 
double its control level. All changes were quahtativety alike, but more 
marked and of longer duration follo\ving the larger dose. 

The fact that the pulse pressure increases markedly despite a slight 
decrease in stroke volume suggests that angiotonin decreases the volume 
elasticity coefficient of the arterial resen'oir. This question is being 
subjected to further examination. 

Changes in pH and the rate of flow of saliva accompanying pH changes in 
arterial blood during acetyl choline stimulation of the submaxillary 
gland.i Charles R. Brasspield and A. P. Hands (bj’- invitation). 
Department of Physiology, University of Michigan, Ann Arhor. 

Studies Avere made of changes in pH and rate of flow of saliva from the 
submaxillary gland of the dog in response to changes in pH of arterial 
blood induced bj^ changing O2 and CO2 tensions and b3’- injecting acids and 
bases. Salivaiy secretion was produced by continuous intra-arterial 
injection of acetyl choline and pH changes were followed continuously 
in both blood and saliva by means of glass electrodes. Rate of saliva flow 
was followed mth a Gibbs drop recorder. 

Low’ering the O2 tension of the inspired air produced parallel increases in 
saliva and blood pH but the sahva change was less. Sahva flo'vv was 
increased at the beguming of the administration but diminished toward the 
close of the procedure. Increasing the CO2 tension of the administered gas 
produced pH decreases in both lilood and saliva with the change in sahva 
lieing less. Saliva flow was decreased. Overventilation produces an 
increase in flow of saliva and an increase in its pH -svliich is less than the 
change produced in lilood. Lactic acid injections decreased the flow of 
saliva and its pH; sodium bicarbonate increased the flow but decreased 
the pH. 

It is noteworthy' that an increase in saliva flow was accompanied or 
preceded by an increase in tlie difference between the saliva pH and arterial 
blood pH. Those procedures which caused a greater blood pH increase 
than in saliva increased the flow while those procedures which caused a 
gi'cater blood pH decrease than in saliva decreased the flow. This suggests 
that the relation of intracellular to extracellular hy^'drogen ion concentration 
play's an important role in the response of the gland to acetyl choline 
stimulation. Tentative anah'sis indicates a possible application of this 
principle to the actmty' of the respiratory' neurones in the control of 
breathing. 

Chemical initiation of rhythmic local responses in nerve preceding trains 
of propagated impulses. Fr.ank Brink, Jr. (by' invitation) and D. W. 
Bronk. Department of Physiology and Biophysics, Cornell University 
Medical College, New York City, 

Our previous studies of chemical excitation of nen'e have related the 
average frequency' of conducted impulses in single fibers to the degree of 
chemical change. To analy'ze fiu'ther the mechanism of this excitation 
we have recorded in a single fiber the electrical changes occurring in the 
chemically' altered region of the nerve. Thus far technical difficulties 
have limited this type of experimental approach to the giant axon of the 
Squid. 

* .\idcd by » grant from the Hucklmm Foundation. 
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One recording electrode was in contact mtli the giant axon near one end. 
The other made contact thi’ough a pool of sea water covering about 3 mm. 
of the axon at a point well removed from either end. The chemical 
excitation to be described was produced by removing the calcium and 
magnesium from this sea water. 

The changes in structure of the nerve thus produced give rise to fluctu- 
ating circulating currents in the chemically treated region. The}'’ are 
recorded as a cychc change of potential difference between the recording 
electrodes. It is characteristic of these chemically induced local potentials 
that they are definitely rhythmic and that they periodically wax and wane 
in amplitude. Their frequency is of the order of 300 per second. Their 
amplitude is larger the greater the degree of change in the chemical en- 
vironment. When under appropriate conditions the amphtude attains 
a certain critical value a train of conducted impulses develops from the 
negative peaks of the local potential cycles. The initial frequency of the 
conducted impulses is the same as the final frequency of the preceding 
local responses. Each of the rhythmic local circulating currents apparently 
acts as the stimulus wliich initiates each of the successive conducted 
impulses. 

Arvonataki has shown that such local oscillatory potential changes 
occur when a neiwe with reduced calcium content is cathodally polarized 
by a direct current. Our experiments demonstrate these rhythmic local 
changes under the mere removal of calcium. Further investigation is 
required to determine whether a small dhect current arising from an 
intrinsic source of emf. participates in this process of chemical excitation. 

« 

The effects of sterol feeding on arterial blood pressmre in rats. H. L_ 
Briskin (by invitation, R. F. Stokes (by invitation) and C. I. Reed 
University of Illinois, College of Medicine, Chicago, III. 

An extensive series of sterols is being studied but only those experiments 
with 7-dehydrocholesterol are sufficiently complete for any conclusions. 
Blood pressure was measured at frequent intervals in the tail. Doses of 
suffieient size to cause loss of weight did not induce any changes in blood 
pressure except an insignificant tendency to depression. The sterol was 
fed at several ranges from 10,000 International Units of Vitamin D dail}' 
to 100,000 units. 

Effects of autonomic stimulation on the estrous cycle of the rat. L. P. 
Britt (introduced by S. W. Britton). Physiological Laboratory, Uni- 
versity of Virginia Medical School, University. (Read by title.) 

One hundred animals were subjected to psychic stimulation (motor horn 
or air jet sound, five minutes twice daily), adrenalin injection (2.5 cc. 
1:100,000, twice daily), or sen'-ed as controls. Vaginal smears were 
observed daily (10 to 20 days), and only those which contained cornified 
cells were considered as positively indicative of estnis. The estrous cycles 
of all experimental animals were studied, moreover, during pre-experi- 
mental periods of 10 to 20 days. 

The average percentage of days spent in estins was found to be 39.7 
in control animals, while in rats subjected to psychic stimulation the per- 
centage rose to an average of 47.2, and was attributable to a shortening of 
the cycle. An even more marked increase in the percentage of the total 



P224 


AMERICAN PHYSIOLOGICAL SOCIETL’ 


experimental period spent in estms was observed in those rats wliich were 
treated with adrenahn. In this case the average percentage of daj^s in 
estrus was 62.2. However, this increased estmal acthdtj" was found to be 
due to a prolongation of the indiiddual c^’^cles together vdth an increased 
length of the estrual phase. 

Rats from which the cervical and lumbo-abdominal S 3 mipathetic chains 
were excised showed, on the other hand, a decrease in the average number 
of days spent in estms (3.4 as compared to 7.9 for the controls), as well as a 
decrease in the percentage of daj-s in estrus. Moreover, psychic stimula- 
tion and adrenalin failed to evoke anj’^ estrogenic response in such sympa- 
thectomized rats. 

It was concluded that psychic stimulation or adrenalin injection may 
significantlj’^ alter the normal continuitj' of the estrous cj^cle of the rat. 
The effect of such autonomic stimulation maj' thus be said to be estrogenic 
in character. On the other hand, cervico-abdominal sjunpathectonij’' 
seiwed to prevent such action. 

The influence of hypothalamic lesions on pancreatic diabetes. J, R. 
Brobeck (bj’ invitation) and C. N. H. Long. Department of Physio- 
logical Chemistry, Yale University School of Medicine, New Haven, Conn. 
Davis, Cleveland and Ingram (Ai-ch. Neurol, and Psj’^cliiat. 33: 592, 
1935) have reported that bilateral hypothalamic lesions in cats, pai'ticularly 
those involving the region around the fornix, are followed by an atj^iical 
diabetes when the pancreas was subsequently removed. 

In a scries of six partiallj’- depancreatized rats with a daily glycosuria 
of between 5-9 grams bilateral lesions were placed in the hypothalamus 
with a Horsle 3 ’^-Clarke stereotactic instmment. In none of the animals 
was any alleviation of the degiee of diabetes, as judged by the daily gl 3 ’^co- 
suria, observed. The food intake was kept constant throughout. 

The lesions were placed bilatcrall 3 * in the regions of the fornices, at levels 
varying from the anterior border of the chiasma to the level of the median 
eminence. Certain of these lesions destroyed areas comparable to those 
described b 3 ' Darns, Cleveland and Ingram in then- cats. In one animal 
both paraventricular nuclei were severely damaged. 

In the above series of animals the lesions did not result in an increased 
bod 3 ' weight. In another partial^’' depancreatized rat that was not ex- 
hibiting gR’cosuria, the placing of bilateral lesions at the base of the h 3 ’^po- 
thalamus lietween the levels of the posterior border of the chiasma and the 
median eminence, 1 mm. on each side of the midline, was followed by a 
greatR' increased appetite, rapid gain in weight and the appearance of 
gL'cosuria. After a period of 25 da 3 ’^s the food was reduced to the pre- 
operative (li 3 ’pothalamic) level, but the gR'cosuria continued although at a 
lower level. On exposure of the animal to successive periods of high food 
intake and rapid gain in weight, the scverit 3 ' of the diabetes as judged b 3 '' 
the degree of gR'Cosuria on the basal diet steadiR increased. However, 
when the rat reached a weight of over 500 grams the gb’^cosuria sponta- 
ncousR’ disappeared. 

Chemical control of respiration and activity in peripheral nerve. D. W. 
Buoxk, Frank Brink, Jr. (63' imdtation) and P. W. Davies (by invi- 
tation). Department of Physiology and Biophysics, Cornell University 
Mcdirxil College, New York City. 
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These experiments are concerned with the influence of various chemical 
agents on the oxygen consumption of nerve and its relation to the degree 
of activity in the neiwe. 

Isolated frog nerves were placed in a chamber in which the oxygen con- 
sumption was measured with the method described by Davies and Brink 
in these communications, and the action potentials were recorded at the 
same time. The entire neiwe was immersed in solutions of various chem- 
ical compositions. 

Lowering the concentration of calcium ions to one miUimolar has pro- 
duced no measurable change in oxygen consumption and no detectable 
impulses. Reduction of the concentration to 0.5 miUimolar causes a 20 
to 40 per cent increase in oxygen consumption although no propagated 
nerve impulses have been recorded. It is not impossible, however, that 
unobseiwed impulses were initiated in small C fibers. With further de- 
creases in the concentration of the calcium ion impulses were observ'^ed in 
increasing numbers and there was a fm’ther augmentation of the rate of 
oxj’-gen consumption to more than twice the resting value. If, now, sodium 
azide or ch'loretone in appropriate concentrations were added to the solu- 
tion, the oxj^gen consumption could be restored to the resting level as the 
impulse discharge disappeared. 

There are some instances however in which suppression of activity by 
an appropriate chemical agent does not reduce the rate of respu-ation. For 
instance, 20 miUimolar potassium chloride abolishes aU evidence of the 
impulse discharge initiated by the previous removal of calcium and at the 
same time actuall}* causes a further increase in the rate of oxygen 
consumption. 

These experiments show that oxygen consumption and the initiation and 
propagation of impulses in nerve can vary independently. 

Reduction of sexual behavior in male guinea pigs by hypothalamic lesions. 

, J. M. Brookhart and F. L. Dey (introduced by S. W. Ranson). Insti- 
• tide of Neurology, N orthwestei'u University Medical School, Chicago, III. 

The influence of hypothalamic lesions upon the sexual behavior of male 
guinea pigs ivas studied in nine adult animals. The normal pattern was 
established preoperativety in five animals by observing their behavior when 
placed singly with one or more estrous females. Electroljdic lesions were 
placed in the hypothalami between the optic chiasma and the infundibulum. 
Sexual behavior with estrous females was observed in all nine animals 
postoperatively. The Ubido and feiiilUty of the males ivas also tested by 
placing each male with three normal females for a sufficient length of time 
to allow each of the females to go through tw'o estrous cycles. The brains, 
seminal vesicles and testes w^ere prepared for histological examination. 

Sexual behavior w^as abolished postoperatively in four animals; in three 
animals sexual activity w'as greatly reduced; and in two animals the be- 
havior pattern was normal. The seven animals w’^hich show’^ed reduction 
of sexual activity produced tlmee pregnancies out of the total of forty estrous 
periods w^hich occurred in the twenty-one females. The two animals 
w'hich show^ed normal behaidor produced four pregnancies out of the total 
of ten estrous periods in then six females. The results of electrical ejacula- 
tion tests and epididjmal smears, as well as the histological condition of 
the testes and the seminal vesicles indicated no impairment of endocrine 
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actmt}" on the part of the testes or the anterior pituitaiy. The lesions 
in the two cases which showed normal behavior were significant!}’" different 
from those in the animals which showed reduced sexual activity. It is 
suggested that the reduced sexual activity was the result of the destnictive 
lesion in the h3T50thalamus. 

A locally constructed Dale-Schuster double perfusion pump with modifica- 
tions in construction. Bruce T. Brookman (bj’" invitation) and H. 
Morrow Sweeney. School of Medical Sciences, University of South 
Dakota, Vermillion. (Demonstration.) 

This pump represents our attempt to constinct the Dale-Schuster double 
perfusion pump, and incorporates certain changes in construction which 
lead to simplification of the constmction and to a more readily controllable 
output. 

A perfusion range is shomi by the pump for blood of from 0 to 300 cc. 
per minute, at 150 mm. Hg, and a corresponding!}’" greater capacity at the 
lower perfusion pressures. Due to a change in the diaphragm constmction, 
calculation of flow volume at any fulcmm setting, vdth any peripheral 
resistance, 'v\dthout the use of a stromuhr in the perfusion circuit is more 
readily made. 

The effect of various brain lesions on morphine-induced hyperglycemia and 
excitement in the cat. Chandler McC. Brooks, Robert A. Good- 
■\\tn’ (by invitation) and Harold N. Willard (b}’" invitation). D&pcrrt- 
mcnt of Physiology, the John^ Hopkins University, School of Medicine, 
Baltimore, Md. 

Bodo, CoTui and Benaglia (1936, 1937) found that the marked rise in 
blood sugar which occurs following admimstration of morphine is due 
primarily to generalized discharge of the thoraco-lumbar di\dsion of the 
autonomic system and the release of adrenin. In cats morphine also 
produces excitement and increased somatic activity. In chronic spinal 
cats (Bodo and Brooks, 1937) morphine fails to produce a rise in blood 
sugar; furthermore, those portions of the body caudal to the level of cord 
section give no indication of cord excitation. The following experiments 
were undertaken in attempting to localize more exactly the site of the 
excitant action of this dmg. 

Three chronic iireparations from wliich the neocortex of both hemispheres 
liad been removed showed tyiiical somatic signs of excitement and rises 
in blood sugar comparable to those obtained before operation. 

In eight cats wliich had been decerebrated at the mid-collicular level 
twelve to twenty-four hours before administration of morphine no rise in 
blood sugar was obtained. Some activity and vailations in intensity of 
the decerebrate ligidity were obseiwed but nothing occurred which could 
be classified definitely as moiiihine-induced excitement. 

lAisions were placed in the preoptic areas and in the anterior 'portion of 
the hyiiothalamus in seven cats by means of a Horsley-Clarkc stereotaxic 
instniment. These animals were injected with morphine four days, two 
weeks, and in two cases, one month after operation. Four individuals, 
including the rtvo cats which were kept for one month, showed a morphine- 
induced Iniierglycemia which was somewhat less than that obsen’ed before 


’ Henry Strong Denison Scholar. 
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operation but in the remaining four the rise was comparable. Those 
lesions though modifying certain responses did not prevent morphine 
excitement. 

Massive injury to the posterior portions of the hypothalamus practically 
abolished the morpliine effect in blood sugar but somatic excitement 
occurred. This evidence indicates that morphine produces an effect on 
blood sugar level b}”" stimulating autonomic centers so located that they are 
inactivated by lesions involving the posterior areas of the hypothalamus. 

The angle method for blood sedimentation. Clyde Brooks. School of 
Medicine, Louisiana State University, New Orleans. 

Heretofore, the blood sedimentation test has been made wth the tubes 
placed more or less accuratelj’- in the A’-ertical position. However, it has 
been found that even a slight deAuation of the tube from the upright posi- 
tion caused a distinct increase in the sedimentation rate. 

However, there are advantages in making the sedimentation test Avith 
the tubes set up at an angle. The angle method is more rapid. A slight 
Amriation from the 45° position does not cause a marked change in sedi- 
mentation rate. 

Using the angle method, slightl 3 '' altered standards of criteria for normal 
and pathological sedimentation curA'^es have been established. Studies on 
the effect of certain drugs and certain diseases on sedimentation rate are 
summarized. 

Differences in rates of O2 or CO consumption of fertilized and imfertilized 
Arhacia eggs as influenced by methylene blue. Matilda Molden- 
HAUER Brooks. University of California, Berkeley, and The Marine 
Biological Laboratory, TToods Hole, Mass. 

These experiments AA^ere done to obtain more information on the mecha- 
nism of methylene blue action in cells. Eggs Avere used because the}'- are 
not complicated bj'’ the presence of hemoglobin. The O2 or CO consump- 
tion by fertilized and bj’’ unfertilized Arhacia eggs was measured b 3 '' means 
of the Warburg manometer method, using either ah or 100 per cent CO 
in the presence or absence of meth 3 dene blue in final concentrations of 
0.0001 to 0.00001 M. Fertihzed eggs AA^ere used ^ hour after addition of 
sperm. The volume in cubic centimeters of O2 or CO consumed before and 
after the addition of methylene blue (m.b.) is shoAvn in a t3T)ical series in 
table 1. 

These results shoAv that 1, the rate of CO consumption b 3 ' fertilized and 

TABLE 1 


Average volumes of O2 or CO consxaned by equal mimhers of Arhacia eggs 



tTNFERTILIZED EGGS j 

FERTILIZED EGGS 

First 95 min. I 

1 

1 Second 95 min. 

First no min. 

Second 110 min. 

No. of 
e.'cpts. 

Ccm. 

Com. 

No. of 
expts. 

Ccm. 

Ccm. 

CO 

3 


0.74 (with m.b.) 

6 

0.55 

1.15 (with m.b.) 

Air 

2 


0.5 (with m.b.) 

6 

1.8 

4.5 (with m.b.) 

CO 

3 


0.57 (no m.b.) 

2 


0.57 (no m.b.) 

Air 

3 


0.23 (no m.b.) 

1 


4.4 (no m.b.) 
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unfertilized eggs was the same; 2, m.b. increased the rate in both cases, 
and to a greater degree with fertilized eggs; 3, m.b. appears to have little 
effect in these concentrations upon the rate of O2 consumption in air in 
both cases; 4, the relative^ low rate of O2 consumption of u^ertUized eggs 
is confirmed; 5, CO inhibited cleavage mainl}'- beyond the 2-cell stage and 
m.b. had no effect on this. 

Upon the presence and distribution of a chromatophorotropic principle in 
the central nervous system of Limulus. F. A. Brovn, Jr. and Ona 
Cunningham (b}’- invitation). Norilmestern University, Evanston, 
III. (Read by title.) 

Cells and cell groups which, from then* liistological picture, probably 
have endocrine activity, are being described in the nervous system of many 
vertebrates and invertebrates. So far, their functional significance is 
almost completeb’’ unknoivn. The experiments to be described demon- 
strate the presence and distribution of a chromatophorotropic principle in 
the nervous system of Limulus. 

The central nervous S3'’stem of Limulus polyphemus was divided into 
portions which were extracted and tested for chi-omatophorotropic activi- 
ties upon black and white chromatophores of Uca pugnax and isolated red 
and white chromatophores of Cambarus. All portions of the nervous 
system which were tested showed chromatophorotropic activity with the 
Uca black and white chromatophores and Cambai-us white ones. Using 
the weights of the various portions of the neiwous system and the relation- 
ship between the relative concentration of active principle and the ma^- 
tude of the chromatophorotropic effect, the concentration of the active 
principle in the vaiious portions of the nervous sj’^stem was readilj’’ calcu- 
lated. It was found that 1, the posterior portion of the circumesophageal 
nerve ring possessed the greatest concentration (arbitrarilj’- called 38.5), 
followed in order of decrea.smg concentrations b3' k, the lateral portions of 
the neiwe ring (18.6); 3, the fifth ganglion (11.3), fourth ganglion (10.7), 
anterior portion of the ring (10.0), seventh ganghon (8.3), and 4/ 1*^6 sixth 
ganglion (4.1). Evidence is submitted suggesting that the cells producing 
the active piinciple are distributed throughout the nerv'c ganglia rather 
than restricted to a single site irithin the nervous S3’^stem. All the effects 
obser\'ed upon the three t3TDes of chromatophores which 3delded positive 
results suggest that a single principle is involved in these three instances. 
The activit3' of the principle from the central neivous s3"stem of Limulus 
upon .the chromatophore types was compared with the activities of other 
known arthropod hormones and it was concluded that the Limulus principle 
differed from all the other arthropod principles thus far knowm with the 
possible exception of a secretion of the brain of certain insects. 

Prelimmar3f studies on metabolism of tissue cultures. Austin jM. Buuks 
and Hiudegard Wilson (63' invitation). Collis P. Huntington Me- 
morial Hospital of Harvard University, Boston, Mass. 

Investigation of the metabolic activity' of tissues in culture has certain 
advantages over other methods of .stud3dng tissue metabolism. In tissue 
culture one is dealing with a S3'stem in which cell surfaces are intact and 
localized intracellular reactions take place as in the living organisms. 
Moreover, the s3-stem is capable of prolonged life, and growtli is a control- 
lable factor. Certain aspc(;ts of the carboh3'drate metabolism of chick 
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embryo tissues have been studied by means, of analyses of media and ob- 
sei'vations on cells growm in roller bottle cultures. 

Sugar utilization by cultures ^ven 100 mgm, glucose per cent in the 
medium continues until it is exhausted. If the amount is increased five- 
fold, utilization is at first more rapid, but ceases while glucose is still present. 
That this is not due to accumulation of metabolites is suggested by the 
fact that a considerably higher total glucose utilization occurs in cultures 
to which glucose is added daily, while the medium is otherwise unchanged. 
Lactic acid is formed in both the presence and absence of glucose; its 
formation is increased as greater amounts of glucose are used. There is 
some e^ddence for subsequent utilization of the lactate first formed. 

Added pymvate is rapidl}'" metabolized by these tissues but growth does 
not take place if pyruvate is substituted for glucose. Increased glucose 
utilization in a medium rich in glucose does not increase the apparent 
growth rate of the tissue. Insulin has no effect on glucose utilization either 
at high or at low levels in the medium. Colchicine in a concentration 
which arrests all cell division has no effect on glucose utilization. 

If cultures are grown in a medium containing nitrogen in the form of 
amino acids, its utilization bj’- the cells can be demonstrated. 

The effect of experimentally produced obesity on energy and water metab- 
olism.i John M. Beuhn and A. D. Keller. Department of Physiology 

and Pharmacology, University of Alabama, University. 

The energy and water metabolism of three dogs was studied before and 
after diabetes insipidus and obesity was precipitated by hypothalamic 
puncture. The animals were full}’- conditioned to cage fife and to a con- 
stant amount of standard diet for several weeks before operation. The 
same food allowance was continued during the postoperative period except 
for an interval of 22 weeks when the animals were kept in an outside yard. 
During this time the food intake Avas not measured but an unlimited 
amount Avas not available. The body AA^eight of two animals had nearly 
doubled and had doubled in a third b}^ the end of the 3’'ard confinement 
(thirty fiA^e Aveeks after operation), and has been maintained subsequently 
A\ath the preoperath' e food leA'^el and cage regime. The last heat production 
studies AA’ere made a 3'^ear after operation. 

The total heat production of tA\'o of the obese animals Avas considerably 
greater than the preoperative values. This augmentation Avith increased 
Aveight is comparable to that of normal animals of equiA’^alent A\’’eights and 
thus the heat production of these tAA'o obese animals agrees Avith that of 
normal non-obesc dogs of corresponding AA^eight, The increase of metab- 
olism of the third obese animal, Avhose Aveight increment Avas greatest 
(doubled), Avas proportionatelj’’ greater than that of the other dogs. It is 
eAudent therefore that under these conditions fat deposition is accompanied 
by a total metabolism equal to or greater than that of tissue deposited 
during normal groAA^th. The question arises as to AA^hether the I’ate of 
metabolism of the recently acquired fatty tissue is the same as that of the 
bod}' tissue of a normal dog of comparable AA^eight or Avhether its rate is 
loAA'er but demands extra energ}' expenditure from the non-adipose tissue. 

The total fluid exchange increased in direct proportion to the increase 
in body AA'eight and not in proportion to the increase in heat production. 


' Aided by a grant from the Rockefeller Foundation. 
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According^ the water exchange per unit of body weight has remained 
constant. 


The influence of boric acid on the survival of excised muscle. E, H. 
Brtjnquist (introduced bj’’ R. W. "^fliitehead). Department of Phys- 
iology and Pharmacology, University of Colorado School of Medicine, 
Denver. 

In a former report (Am. J. Physiol. 119: 282, 1937), prolonged survival 
of excised frog sartorius muscles was described. Survivals of over a 
hundred days at 5° to 6°C. and of as long as 12 days at 25° were obtained 
\vithout the addition of any bacteriostatic agent to the NaHCOy-buffered 
Ringer's fluid. 

In later experiments it has been found that sundval maj’- be prolonged 
by the addition of boric acid to the Ringer’s fluid. The optimal concen- 
tration varies udth the temperature at which the muscles are maintained. 
Support of survival is especiallA’’ conspicuous at the higher temperatures 
(e.g., at 25°), and in the case of muscles from the less hardier batches of 
frogs. 


The hemoglobip. method for the determination of pepsin in gastric drain- 
age. G. R. Bucher (by invitation) and J. M. Beazell. Department 
of Physiology and Pharmacology, Northwestern University Medical 
School, Chicago, 111. 

The superiority’’ of the hemoglobin method for the determination of 
pepsin is e’vddent because, in contrast to other methods, it employs a stable 
and reproducible substrate. However, when applied to gastric drainage, 
the original method described by Anson and Musky reqiiired variable 
dilution of samples, since the method was designed for quantities of pepsin 
much smaller than those commonly encountered in conveniently measur- 
able volumes of gastric juice. T his constituted a disadvantage in two 
respects. First, the degree of dilution necessary to bring the sample within 
the range of the method could be determined only by preliminary trial; 
and second, “inhibitor substances” are affected to a greater extent than 
the enzyme; thus dilution modifies the effective activity of samples in a 
variable manner. \ modification suggested by Beazell et at. partially 
overcame these disadvantages, but subsequent exjjeriencc has sho^vn that 
with this method, also, it is necessary to dilute many' samples of human 
gastric juice in order to bring the activity' within the I’angc of the method, 
'iherefore the jn-ocedure has been further modified so that the range wall 
embrace all jieptic potencies likely' to be encountered in undiluted gastric 
juice. This has been accomplished by' tripling the quantity' of substrate, 
decreasing the dige.stion period to 7.5 minutes, and using 0.5 cc. of undiluted 
gastric juice. The unit as previously' defined remains unchanged. 

In 24 experiments on 4 vagotomized total pouch dogs, the average 
minute output in rc.sponse to 1 mgm. of histamine was 0.81 cc. and 111 
milli-iinits of pep-sin during the first half-hour; 1 .02 cc. and 62 milli-units of 
pepsin during the second half-hour. Experiments to date indicate that in 
the human, the response to 0.5 mgm. histamine is about thrice that of the 
dog with respect to volume output per minute while the pepsin output per 
minute is about 50 times as great. 
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Li vitro removal of pyruvic acid in human blood.^ Ernest Bueding and 
Robert S. Goodhart (introduced by Norman Jolliffe). Medical 
Service of the Psychiatric Division, Bellevue Hospital and Department of 
Medicine, College of Medicine, New York University, New York City. 
Oxalated human blood incubated at room temperature for thirty minutes 
removes 30 to 70 (x grams of added pyruvic acid per ml. blood. This removal 
is increased by inorganic phosphate (pH optimum: 7.4) decreased by Cl, 
Mg-ions and heparin and unaffected by thiamin, cocarboxylase, citrate 
and the oi^gen tension of the blood. Defibrinated blood removes much 
less pyruvic acid than oxalated blood. Blood cells remove considerablj'’ 
less pyruvic acid than whole blood, while plasma is completelj’’ inactive. 
Cells previously heated for two minutes at 100°C. are complete^ inactive, 
even when unheated plasma is added. The addition of heated plasma to 
unheated cells restores the activity to at least 70 per cent of that of whole 
blood. The removal of pyruvic acid is therefore effected by an enzj’-me 
system consisting of thermolabile components within the blood cells and 
of thermostabile factors in the plasma. 

The increased removal of pyruvate caused by NaCN is not due to an 
activation of an enzyme system, but to the formation of pyruvic acid 
cyanhydrine. The disappearance of pyruvate is not associated with the 
formation of other carbonyl compounds. In the presence of NaF and 
under anaerobic conditions about 90 per cent of the removed pyruvate is 
recovered as lactate; in the absence of NaF more lactate is formed than 
P3rruvate disappears, indicating an analogy between the glycolytic enzyme 
system in blood and in muscle. 

Some effects of pregneninolone in the experimental animal. E. S. Burge 
(introduced by A. C. Ivy). Department of Physiology and Pharmacology, 
Northwestern University Medical School, Chicago, III. 

The effects of progesterone administered subcutaneously were compared 
with those of pregneninolone given orally and subcutaneously. Uterine 
strips from immature rabbits treated with sensitizing doses of estrone and 
then progesterone did not respond to 0.01 to 10 units of pituitrin. Strips 
from estrone-oral pregneninolone-treated animals showed a marked in- 
crease in tone and magnitude of contractions — similar to the effect obtained 
with estrogens. 

Castrated female rats of a strain having vestigial ventral prostate glands 
were given estrone and then 3-20 mgm. of pregneninolone orally and 
1-5 mgm. subcutaneously. Histologic sections of the vaginae showed 
changes from mucification to early cornification, indicative of estrogen 
effect. Yet, in sections of the ventral prostates of these same animals 
“light areas” indicative of androgenic activity were found. 

Electrical theory of sleep, consciousness, and unconsciousness. W. E. 
Burge and E. L. Burge (by’^ invitation). Department of Physiology, 
University of Illinois, Urbana, and 9Srd. Bombardment Squadron, March 
Field, Calif. 

When one nonpolarizable electrode was placed on the scalp of the fore- 
head and another on the forearm with a galvanometer in the circuit, a 
current of low amperage passed from the scalp to the forearm thus showing 
the scalp to be positive. During sleep this current decreased practically 

1 Aided by The John and Mar 5 ’^ R. Marklc Foundation. 
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to zero. Wlieii the subjects woke and became active, it increased, in some 
instances to 0.925 microamperes. 

It has been shown (Burge et ai. 1910-40) that during anesthesia, more 
negative charges leave the brain by efferent nerves than pass to it by 
afferent neiwes, resulting in a loss of negative charges, thereby rendering 
the brain cortex positive and hence less irritable (anelectrotonus) with 
resulting unconsciousness and anesthesia. During recovery from anesthe- 
sia more negative charges pass to the brain by afferent nerves than leave 
by efferent nerves resulting in a gain of negative charges thereby rendering 
the brain cortex electronegative and hence more irritable (catelectrotonus) 
with resulting recovery from anesthesia and regaining of consciousness. 
Forbes (1922) found that ether anesthesia decreased the number of nega- 
tive charges passing to the brain over the sensory roots of the spinal nerves 
by blocking them at the first S 3 Tiapse in the cord. 

It has also been shoivn that the scalp of the conscious dog, like that of 
the human, is electropositive, and that during anesthesia this positive 
potential diminishes with the decrease produced in the negative potential 
of the underlying cerebral cortex, and during recoveiy from anesthesia the 
positive potential of the scalp rises, with the increase in the negative poten- 
tial of the underljfing cortex, hence scalp potential is an index to cortical 
potential. 

The decrease observed in the positive potential of the human scalp during 
sleep indicates a fall in negative potential and hence in irritability of the 
underlying brain cortex with resulting unconsciousness and sleep, similar 
to what occurs during anesthesia. The rise in the positive potential of the 
scalp upon waking indicates an increase in the negative potential and hence 
in irritability of the underlying cortex, with resulting waking and regaining 
of consciousness, similar to what occurs during recovery from anesthesia. 

Effects of exercise, rest and sleep on scalp potential. E. Burge and 

M. J. Vaught (bj' invitation). Depariment of Physiology and School 

of Physical Education, University of Illinois, Urhana. (Read by title.) 

Vfiien one nonpolarizable electrode was placed on the scalp of the fore- 
head and another on the forearm a current of low amperage passed from 
the scalp to the forearm. This current increased with phj’^sical activit}’^ 
and decreased with rest. 

The current was weakest during sleep, around 0.01 microamperes. 
When the subject awoke it increased to around 0.05 microamperes. Upon 
getting up the current increased still further, how- much depended on how 
active the subject became. 

Stoking the furnace and removing the ashes increased the current from 
the low resting level of 0.07 microampere to 0.15 microampere. Climbing 
four flights of stairs hurriedly increased it to 0.20 microampere. Five floor 
dips increased it to 0.425 microampere, 10 floor dips to 0.625 microampere, 
and 1 5 floor dips increased the current to 0.70 microampere. Tw'o minutes 
after taking the floor dips the current decreased to 0.275 microampere; 
after four minutes to 0.175 microampere; after six minutes to 0.10 micro- 
ampere; after eight minutes to 0.10 microampere, and after ten minutes of 
rest the current had decreased to its original low level of 0.075 microampere. 
Various kinds of exercises and sports such as football, tennis, baseball, 
bowling, basketball, handball, boxing, volle 3 ’ball, skating, badminton, tap 
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dancing, soccer and wrestling increased the cm-rent to a greater or less 
degree, depending upon the strenuousness of the activity. Exhaustive 
exercise decreased the current. 

Exposure to cold, not sufficient to produce shivering, increased the 
current to 0.25 microampere. Cold shower bath for two minutes increased 
it to 0.30 microampere. Hot shower for two minutes increased it to 0.35 
microampere. 

T\ffien a goldfish was placed in water between two platinum disc elec- 
trodes with a galvanometer in the circuit a current of low amperage passed 
from the electrode near the head of the fish to the one near its tail, thus 
showing the head of the fish to be positive and the tail negative. When the 
fish became active in swimming the strength of the current increased, as 
during exercise, in the human. When the fish became quiet the current 
decreased, as during rest, in the human. 

Androgen production in the pregnant and lactating rat. M. W. Buerill 
and R. R. Greene (introduced by F. T. Jung). Department of Phys- 
iology and Pharmacology, N orthwestarn- University Medical School, 
Chicago, III. 

Biopsies of ventral prostates from pregnant and lactating rats were 
studied microscopically. A special strain of rats having a high incidence 
of female prostates was used. The series of prostates covers the 7th to 22nd 
day (term) of pregnancy and one to 14 daj’-s post partum and represents at 
least one biops 3 ’’ for each day during these periods. Duiing the second 
third of pregnancy the prostates are in a non-functional state, but during 
the last tlurd, up to and including the 22nd day, the prostates show con- 
siderable stimulation consisting of proliferation of the epithelium and 
occurrence of the light areas which are significant of the functional state. 
For several days after delivery the prostates appear to regress somewhat, 
but another period of stimulation appeam and persists at least through the 
13th day of lactation. The tjqie of stimulation which appears in these 
prostates is characteristic of androgenic stimulation. The conditions of 
the prostates demonstrate that, during certain periods of pregnancy and 
lactation in the rat, androgenic substances are produced in physiologicall}' 
detectable quantities. 

The effect of asphyxia upon plasma volume and protein concentration. 
D. Bailey Calvin. University of Texas School of Medicine, Galveston. 
Mullin, Dennis and Cahfin (Am. J. Phj’^siol. 124: 192, 1938) demon- 
strated marked increases in blood and plasma potassium in severe asphj'^xia. 
These were associated vith increased hematocrits, but onlj'^ slight rises in 
plasma proteins. Previous work (Calvin et al.) has shown quite variable 
amounts of total circulating plasma protein in response to plasma volume 
variations. 

This communication covers work on the changes in plasma volume, 
plasma protein (total) and albumin: globulin ratios, brought about b}'- 
vai'jdng degrees of asphyxia. The following results were observed, the 
degree and kind of response elicited depending upon the depth of asphjoda. 
From moderate asph 3 rxia to the point of cessation of resphatory move- 
ments, plasma volume progressive^ decreases. Plasma proteins increase 
in per cent concentration, but there is some decrease in the total amount 
in circulation, especially in moderately severe asph 3 Tda. Cell volume and 
per cent plasma protein increases are roughl 3 ' parallel. There is some fall 
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in albumin ; globulin ratio, due possibly to somewhat greater loss of albumin 
than of globulin from the circulation. 

In severe asphyxia (premortal) there is evidence of massive capillaiy 
shock. The plasma volume may be decreased by as much as twent3’'per 
cent and although the per cent plasma protein maj’' be slightly above normal, 
the total results would indicate a marked loss of protein and d3’'e along 
vdth water from the vascular system. Further evidence for this is given 
by. cell volume values, which may be elevated as much as thirt3’^ per cent, 
vith protein concentration increases below ten per cent. The data agree 
vith Landis’ obseiwations on anoxia in isolated capillary studies. 

Blood volumes were done using the dye T 1824. There is evidence that 
some of the dye is lost from the vascular S3^stem along vdth protein in 
severe asph3Tda, since plasma volumes always appeared to be gi’eater after 
resuscitation than before asph3oda. 

In theory it seems possible that loss of consciousness at low oxygen 
tensions (especiall3’' if the condition is attained rapidly) may be due, in 
part, to capillary anoxia and the resultant sudden decrease in blood volume, 
3delding serious brain anemia, rather than being due entirel3’' to primary 
ox3’'gen lack in the brain per se. 

Studies on the excretion of bromsulfalein in the bile. A. Ca^jtabow and 

C. W. WiETS (b3’^ invitation). Departments of Medicine and Physiology, 

Jefferson Medical College, and the Laboratory of Biochemistry, Jefferson 

Hospital, Philadelphia, Pa. 

After intravenous injection of bromsulfalein, the curve of its excretion 
in liver bile was determined by the Evelyn photoelectric colorimeter. 
Studies were performed upon bile-fistula dogs (with and without var3mg 
degrees of biliar3’' stasis and hepatocellular damage) and human subjects 
(normal, post-cholecystectomy, various biliary tract disorders, hepatic 
disease, bile-fistula, etc.). 

Under normal conditions, after injecting 2 mgm. of dye per kilogram, 
the dye appears in the bile within 15 minutes and reaches a maximum 
concentration (50-532 mgm. per cent) in 45-60 minutes, subsequently 
falling to a relatively low level at 2 hours and often not disappearing 
complete^’' for 5-6 hours. Normally, 35-83 per cent of the quantity 
injected was excreted in the first hour and 61-100 per cent in the first two 
hours. Since 85-95 per cent of the dye leaves the blood within 5 minutes 
and all is removed within 30 minutes, two phases of the excretion of brom- 
sulfalein from the bod3' must be recognized: 1, its rapid removal from the 
blood b3', and possibb' its storage in the Kupffer and possibly other reticu- 
loendothelial cells; 2, gradual passage of the dye into the hepatic polygonal 
cells and its excretion in the bile. A third possibilit3'^ is that temporary 
storage of the dA'e occurs in the hepatic rather than in reticuloendothelial 
cells. 

Abnormal excretion of the d3''c is evidenced by one or more of the follow- 
ing phenomena; 1, delayed removal from the blood; 2, dela3"ed enUance 
into the bile; 3, dcla3'cd attainment of maximum concentration in the bile; 

4, prolonged high cuiwc of excretion in the bile; 5, subnormal concentration 
in bile; 6, abnormal!}- low excretion %rtthin 1 or 2 hour periods after injec- 
tion. The rate of removal of tlie 63-0 from the blood, utilized jn the study 
of liver function, represents but one phase of the process of its excretion 
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by that organ and may be normal in the presence of distinct abnormalities 
in the second or biliar}'- phase of excretion. 

The effect of normal urine extract on gastric motility of dogs. E. R. 

Capps (by invitation) and T. L. Patterson. Department of Physiology, 

Wayne University College of Medicine, Detroit, Mich, and Department of 

Physiology and Biochemistry, New York Medical College, New York 

City. 

This study was undertaken to determine the effects of urine extracts on 
gastric hunger motility. Intravenous administrations of normal, human, 
female urine extracts in dosages of 2 to 10 mgm. were made on gastric 
fistula dogs prepared after the method of Carlson, fasted 18 to 24 hours, 
and contractions registered graphically by the balloon-bromoform mano- 
metric method. The gastric tonal characteristics, types of motility and 
the time relationship of the active and quiescent periods of the empty 
stomach were observed. Normal gastric motility, as well as that initiated 
by subcutaneous injections of insulin were employed. 

The duration of inhibition by intravenous administrations of urine 
extracts depended on the dosage and ranged from 10 minutes to 2.5 hours. 
The latent periods of effective doses were all approximately the same, rang- 
ing from 2.5 to 8 minutes, regardless of whether the motility was sponta- 
neous or that induced by insulin. 

In three preliminaiy experiments in which the urine extract was in- 
jected subcutaneousty, two produced inhibition of gastric motility and the 
other one was negative. Judging from the two positive reactions, as one 
might assume, the onset and duration of the inhibition of gastric motility 
by the subcutaneous route was slower than that produced through the 
intravenous channels. 

These findings would seem to demonstrate conclusively the effectiveness 
of normal, human, female urine extract as an inliibitant of gastric motility 

9 

On the peroxidatic function of catalase. Loren Carlson and Gordon 

Marsh (introduced by J. H. Bodine). Department of Zoology, State 

University of Iowa, Iowa City. 

It has been sho^vn that dilute hydrogen peroxide in oxygenated Ringer’s 
solution increases both the E.M.F. and the respiration of frog’s skin. The 
injection manometer was used for the latter experiments. The consump- 
tion of 2 X 10~® gm. mol. HaOs/gm./hr. may cause a simultaneous increase 
in the oxygen uptake of 80 mm^/gm./hr. over the control respiration, or 
roughly an ox 5 ’'gen uptake of 2300 times the peroxide consumed. The 
ratio of the stimulated oxygen uptake to the peroxide consumed falls to 
one as the latter increases to 1 X 10~® gm. mol./gm./hr. 

A possible type of mechanism for the stimulating effect of peroxide on 
the respiration lies in the demonstration by Iveilin and Hartree that the 
peroxide formed by the action of xanthine oxidase on hjqDOxanthine could 
l3e utilized by catalase to oxidize ethyl alcohol, the aldehyde thus formed 
acting as further substrate for the xanthine oxidase. A similar cychc 
oxidation of alcohol by catalase and xanthine oxidase occurred when ethyl 
or cerium peroxide was used as a source of H 2 O 2 . The effect was not found 
TOth hydrogen peroxide, presumably because of too rapid decomposition. 

In the present work the coupled oxidation of alcohol by catalase in the 
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presence of xanthine oxidase and xanthine is confomed, using purified 
preparations of catalase (Sumner and Bounce) and of xanthine oxidase 
(Ball). The coupled system takes up between two and three times the 
amount of o^gen consumed by xanthine oxidase and xanthine alone. By 
use of the injection manometer the addition of 5 X 10“® gm. mol. H 0 O 2 over 
the course of one hour to 4 X 10“® gm. mols. ethyl alcohol in the presence 
of an excess of catalase caused the disappearance of 22 mm® oxygen equiva- 
lent of peroxide representing the oxidation of 1.96 X 10“® gm. mols. alcohol. 
When xanthine oxidase was added to this sj^stem the oxygen equivalent 
taken up was increased to 43 mm®, or approximately the expectation for 
the further oxidation of the formed aldehyde to acetic acid. 

Mutual cross tolerance between pentobarbital sodium (nembutal) and 
delvinal sodium [6-ethyl 6-(l-methyl 1-butenyl) barbituric acid] in 
guinea pigs. Emmett B. Carmichael. Department of Physiological 
Chemistry, School of Medicine, University of Alabama, University. 

The existence of cross tolerance has been established between the two 
barbituric acid derivatives: 1, iientobarbital sodium, and 2, delvinal sodium. 

Young guinea pigs were used and all injections were made intraperi- 
tonealbL A single large dose of one of the above drugs was used and after 
a few days it was followed hy a series of semi- weekly doses of the other drag 
for a period of three weeks. 

Two series of experiments were made, using pentobarbital sodium as the 
initial drug: 1, sixteen guinea pigs received 20 mgm./kgm., and 2, thirteen 
guinea pigs received 50 mgm./kgm. The animals in each of these series 
received semi-weekly doses of 40 mgm./kgm. of delvinal sodium for three 
weeks. The average length of hypnosis following the delvinal sodium was 
reduced from that produced b}'' the same size dose of this diug on normal 
guinea pigs of about the same weight. The average length of hypnosis for 
normal guinea pigs was 192 minutes and folloiving the 50 mgm. dose of 
pentobarbital, the average length of hypnosis was reduced to 169 minutes. 

A group of 16 guinea pigs that survived a single dose of 70 to 85 mgm. 
of delvinal sodium/kgm. were given semi-weeklj’’ doses of 20 rngm. of 
pentobarbital sodium/kgm. for three weeks. A definite tolerance was 
also produced in this series. This was shown by the fact that the length 
of hypnosis following the first dose of the pentobarbital sodium was mark- 
edly less than it was for normal controls with the same size dose/kgm. 
The average length of hjqinosis in the control experiments with a dose of 
20 mgm. of pentobarbital sodium/kgm. was 93 minutes while the duration 
of the hjqmosis, following a large dose of delvinal sodium, was 49 minutes 

The relation of rhythm to the' force of contraction of mamrnali^ cardiac 
muscle. McKeen Cattell and Harry Gold (by invitation). De- 
parlmcnl of Pharmacology, Cornell University Medical College, New 
York City. 

The expeiiments of Woodworth (Am. .T. Physiol. 8: 213, 1902) which 
demonstrate that, in the isolated apex of the dog heart, the extent of short- 
ening is directly related to the frequency or inversely to the spacing between 
responses, lias not received the attention its importance descn'^cs. We liave 
confirmed and extended these obsenmtions on isolated papillary muscles 
from the right side of the cat heart, using the isometric response. This 
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preparation exhibits a striking “treppa” when stimulated at a regular 
frequency, after a period of rest. It shows a several-fold increase in the 
force of contraction when the rate is changed from a slow to a fast one, and 
a decrease in force when the rate is changed in the reverse direction. These 
changes in force develop gradually. The first few contractions in the 
transition from a low to a high frequency are smaller than the previous 
ones, and conversely, the first few contractions in the transition from a high 
to a low frequency are larger than the previous rapid beats and subsequent 
slow beats. 

A single extra stimulus applied sufficient!}'- close to one in the regular 
series causes a large increase in the next regular response. The closer the 
paired stimuh the greater the succeeding response; thus a maximum aug- 
mentation occurs when the extra stimulus falls well -within the relative 
refractory period, so that of itself it produces only a minimal contraction. 
The influence of the closely spaced extra beat is only gradually dissipated 
and after five minutes -with the muscle at rest is still largely present. 

An analysis of the records leads to the conclusion that the factor which 
is responsible for the increased force of contraction during the treppa and 
at higher frequencies of stimulation or follomng a single extra stimulus 
is the rhytlun or spacing between stimuli rather than the increased activity 
per se. , 

Micromanipulative studies on vascular responses to localized micro- 
injury. Robert Chambers. Washington Square College, New York 

University, New York City. 

The experiments were made on the mesentery and tongue of the frog 
immobilized by careful destruction of the forebrain and after the ensuing 
transitory hyperemia had passed off. Micro-injuries of graded intensity 
were performed by inserting a microneedle and moving it about in the 
tissue. Care was taken to produce the injury remote from neighboring 
arterioles and venules and not to tear the capillaries. During normal 
circulation the arterioles exhibit a slow periodic dilatation and contraction. 
The constrictor effect is undoubtedly of sympathetic nervous origin. The 
local origin of the dilator eft'ect was corroborated by experiments mth 
micro-injury. The venules, on the other hand, maintain a constant cahber, 
the variation in the amount of blood from the arterioles being adjusted 
mainly by the number of the capillaries involved. Experimentally pro- 
duced variations in blood pressure were compensated for b}"- a corresponding 
contraction and dilatation of the arterioles, the venules maintaining a 
constant diameter. 

On the other hand, the initial effect of a micro-injur}’- was found to be a 
dilatation of the venule. This was followed by a preliminaiy slovdng of the 
stream in the capillaries, then a loss of the rhythmic contractions of the 
arterioles which, nevertheless, still responded to prodding. Subsequently 
there was a loss, in tone of all the vascular vessels. All the capillaries then 
become filled and, from the excessive loss of fluid, become choked vdth red 
cells. Following the trauma induced, recovery set in about 70 to 90 
minutes after the injury. The initial step observed was a loosening of the 
clumped cells in the venous capillaries. With the resumption of blood flow 
there was a narromng of the venules and a return of the rhythmic contrac- 
tion of the arterioles. The initial involvement of the venules after injury 
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may be explained by a spread, downstream, of a highly diffusible substance 
emanating from the site of injury. Subsequentlj’’, tins substance spreads 
throughout and also affects directly the musculature of the arterioles. 
Alterations in the walls of the vessels were noted by the diffusibilit}'’ of dyes. 
A check on the spread of a tone-lowering substance was obtained bj'- re- 
routing venous blood back through the capillary network. 

Equilibrium and kinetic studies of cyanide inhibition of peroxidase. Brit- 
ton Chance (introduced by A. N. Richards). Johnson Foundation, 
University of Pennsylvania, Philadelphia. 

Spectroscopic measurement of the rapid reactions of enzyme and sub- 
strate and enzjune and iohibitor correlated with the corresponding equi- 
librium studies have permitted a detailed studj'- of the mechanism of 
cyanide inhibition of the hematin enzjone peroxidase. In the absence of 
substrate the equihbrium constant for peroxidase and cj’^anide is 4 X 10~® 
and one mole of inhibitor combines vdth one mole of the enzj’^me. Although 
the rate of this reaction is rather rapid (k 2 = 8 X 10^ liters X mol~^ X 
sec~^), it is only one hundredth the rate of combination of enzjune and 
substrate. There is then competition between the inhibitor and substrate 
for the enzyme even at very low substrate concentration (4 X 10“® M/L). 
This is demonstrated by studies on the effect of cyanide on the overall 
enzyme action as determined b}’’ the rate of production of malachite green. 
For a particular substrate concentration the calculated equihbrium con- 
stant for peroxidase and cyanide is increased fivefold. These_ data, how- 
ever, confirm a one to one proportionality between hematin iron and 
cyanide. Studies of the kinetics of the enz 3 Tne-substrate compound in the 
presence of inhibitor show under certain conditions the practicallj’’ unin- 
hibited operation of the enzjune-substrate compound followed bj’’ the 
combination of enzj-me and inhibitor onlj’' after the substrate has been 
nearly exliausted. 

Experiments on the combination of catalase and cj^'anide indicate that 
the rate constant (ko = 5 X 10® litem X mol"^ X sec“0 is likewise consid- 
erabl}’^ smaller than the calculated minimum rate (Haldane) for the combi- 
nation of enzyme and substrate. 

The competition between inhibitor and substrate for the enzjTOC and the 
resultant effect upon the equilibrium constant for the enzjTOe-inhibitor 
compound as determined bj’’ measurements of overall enzyme actirttj’" are 
clearlj’ demonstrated. 

The absorption spectrum of luciferin solutions during luminescent and non- 
luminescent oxidation. Aurin M. Chase. Physiological Laboratory, 
Princeton University, Princeton, N. J. (Read by title.) 

Absorption spectra of concentrated aqueous solutions of purified Cj'pri- 
dina luciferin of pH G.8 have been measured with the Hardj’’ recording 
spectrophotometer. Solutions of freshh' dissoK’cd lucifeiln .show im 
ab.sorption maximum at about 430 m/i. During oxidation by air, in 
absence of lucif erase, this maximum .shifts to 470 m/x, and this second 
maximum then disappears, leaving an almost colorless solution. 

[flic absorption spectnim has also been measured during luminescent 
oxidation of luciferin in the presence of lucifcrase. Here cxactlj' the same 
sequence of changes occurs as in .spontaneous non-lumincsccnt oxidation 
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air. However, the rate of these changes is at least one hundred times; as 
gi’eat when luciferase is present. No difference other than one of rate 
can be detected between the luminescent oxidation with luciferase and the 
non-lumincscent oxidation bj’- air, so far as the color changes of the solution 
are concerned. 

The absorption spectnim of a freshly-prepared aqueous luciferin solution 
is the same whether the pH be 6.8 or 5.0. However, during spontaneous, 
non-luminescent oxidation the changes in the absorption spectrum are 
much less rapid at the acid pH and, in addition to this difference, absorption 
remains greater at the short wavelengths. Tliis indicates that in the oxida- 
tion of luciferin by air a compound is produced whose color depends upon 
the pH of the solution. 

If luciferin solutions of different degrees of purity (so far as color is 
concerned) are measured, it is found that the concentration of luciferin 
present, as determined bj^' measurements of total luminescence, is propor- 
tional, not to the total color of the solution, but to the labile color. This 
is strong evidence that these changes in the absoi-ption spectrum represent 
luciferin itself. 

Gastric secretion after treatment with the histamine antagonist, thymoxy- 
ethyldiethylamine. Orville Chickering (by invitation) and E.-vrl 
R. Loew. Wayne University College of Medicine, Detroit, Mich. 
ThjTOOXj^ethyldiethylamine (929F) has been reported to prevent hista- 
mine from causing bronchioconstriction and contraction of guinea pig ileal 
strips. Furthermore, 'it has been claimed that treatment with 929F pre- 
vents fatal anaphylactic shock in guinea pigs and protects such animals 
against several minimal lethal doses of histamine. 

Hence, experiments were performed to determine whether 929F inhibits 
the secretion of gastiic juice induced by subcutaneous injections (0.5 mgm.) 
of histamine. The double histamine test was carried out upon dogs pro- 
vided with Heidenhain pouches. Control data consisted in measurements 
of volume of gastric juice and total, combined, and free acid secreted during 
a period of 2 hours folloudng the liistamine stimulus. The dogs were then 
given 10 mgm. of 929F per kgm. subcutaneously, and one-half hour later 
the same histamine stimulus was given. Gastric secretion after treatment 
\rith 929F was no less than that which occurred during the control periods. 
The doses of 929F administered produced no untoward reactions. Larger 
doses were not employed since retching, A^omiting, and defecation usually 
resulted. 

The results indicate that 929F, in non-toxic doses, does not depress or 
alter the composition of the gastric juice induced bj’ subcutaneous injec- 
tions of histamine. 

The effect of lipocaic on essential xanthomatosis. Dwight E. Clark (by 
invitation), Ormand C. Julian (by imdtation), Cornelius W. Ver- 
MEULEN (by invitation), J. Garrott Allen (by invitation) and Lester 
R. Dragstedt. Department of Surgery, The University of Chicago, 
Chicago, III. 

Four cases of xanthoma, all of which showed a very marked elevation 
in the blood lipids, were treated with lipocaic. In 3 of the cases the lesions 
manifested themselves in the skin and in the other case the xanthomas were 
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connected with tendons. In all 4 cases the blood lipids were reduced to 
normal levels following the administration of hpocaic. Two of the cases 
in which the lesions were in the skin cleared completely, while the other 
was markedl}’’ improved. In the case W'here the xanthomas were asso- 
ciated with the tendons, the pathological lesions w^ere excised. Lipocaic 
was administered to this case as a prophylaxis against recurrence. 

This studj’’ substantiates the clinical inference that xanthomas are 
associated with a disturbance of Upid metabolism and lipocaic may prove 
to be a valuable adjunct in the treatment of this disease. Also it adds to 
the evidence that lipocaic plaj^s an essential role in lipid metabolism. 

Changes in optical rotation of fibrinogen with gel formation. Janet H. 
Clark. Univei'siiy of Rochester, Rochester, N. Y. 

Proteins are knowm to exhibit changes in specific rotation as the result 
of changes in h 3 'drogen ion concentration, denaturation, or with sol ;=± gel 
transformations. A study w’^as made of the specific rotation of fibrinogen 
setting to a gel on addition of thrombin. Fibiinogen and thrombin are 
both levo-rotatoiy but w'hen thrombin is added to a solution of fibrinogen 
the immediate result is the formation of a dextro-rotatory compound. 
"V^Tien a clot begins to form this changes to a levo-rotation, probably due 
to structural asjmmetiy in the gel, which increases rapidly reaching values 
as high as —280 deg. /dm. 

Prolonged action of deso^corticosterone acetate.^ C. F. Code, R, A. 
Gregory (by invitation), R. E. Lewus (^y invitation) and F. J. Kottke 
(b}-- invitation). Department of Physiology, University of Minnesota 
and Mayo Foundation, Rochester. 

It has been recentlj* demonstrated that the action of a single in jectiop 
of histamine ma}'' be greatl}’’ prolonged hy suspending the histamine parti- 
cles in a beeswax-mineral oil mixtui’e (Code and Varco, Proc. Soc. Exper. 
Biol, and Med. 44:475, 1940). We have found that the action of desoxy- 
corticosterone acetate ma^’^ also be prolonged bj*^ suspension in the beeswax 
mixture. In order to determine the period of action of a single injection 
of desox 3 ’'corticosterone acetate the daib’’ output of chloride in the mine 
was follow’ed in adrenalectomized dogs on diets of fixed amounts of meat 
and milk. The level of urea in the blood was also measured for an addi- 
tional check on the action of the desoxj'corticosterone acetate. The 
becsw’ax mixture was prepared bj’’ mixing 1 part hot beesw^ax ^vith finely 
ground desoxj'corticosterone acetate and diluting with between 4 and 6 
parts hot mineral oil. MHiile still molten the mixture was drawm into a 
1 cc. tuberculin s\'ringe. When it cooled to room temperature it could be 
ejected through a 22 gauge needle. The period of action of this mixture 
was compared to the period of action of similar doses of desoxycortico- 
steronc acetate dissolved in sesame oil. In all instances the desoxj'cor- 
tico.steronc acetate was injected subcutaneously. 

It was found that 25 mgm. of desox 3 'coi’ticostcrone dissolved in sesame 
oil maintained the adrenalectomized dogs for 2 or 3 da 3 's while the .same 

* Part of the expense of this rescarcli wa.s defrayed Iw a grant from the Coinmittee 
on Scientific Itcsearcli of the .American Medical .Association. TJie major part of the 
deso.'cj'corlicosterone acetate used in this investigation w;is provided through the 
kindness of Ciba Pharmaceutical Products. 
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dose placed in the beeswax mixture was effective for 8 to 13 days. With 
doses of 100 mgm. the contrast , was even more marked. Dissolved in 
sesame oil, 100 mgm. desoxjj^corticosterone was generally effective for onty 
5 days while in the beeswax mixture the period of action of this dose was 
extended to one month or longer. 

Ftactionation of the steroids from human postpartum urine. Saul L. 

Cohen (introduced by Frank A. Hartman). Department of Physiology, 

The Ohio State University, Columbus. 

A 50 1. batch of urine was collected from humans during the first 24 
hours after parturition. The ether soluble portion of this urine was 
obtained both before and after treatment vdth strong acid, in order to 
obtain the “free” and “combined” compounds respectively. The ether 
solutions were extracted first, mth sodium carbonate and then vith sodium 
hj’^droxide solutions to jdeld neutral, acidic and phenolic fractions. The 
extract containing the free neutral compounds has been further fractionated 
as follows: The ketonic and non-ketonic substances were separated bj’" 
means of Girard’s reagent. The non-ketonic fraction was adsorbed on a 
column of active aluminum oxide, and the column was then subjected to a 
series of elutions with solvents of increasing polarity. These elutions 
have yielded a light colorless oil and five distinct crystalline compounds, 
two of which have been identified as cholesterol and pregnandiol respec- 
tively. Some properties of the other three compounds vfith melting points 
of 4.6°, 72° and 108° (uncorrected) respectively vail be discussed. 

The beta-glycerophosphatase activity of the mammalian central nervous 
.. -system. David J. Cohn and Irving Kaplan (introduced by Heimich 
. Necheles). Department of Biochemistry, Michael Reese Hospital, 

Chicago, 111. 

- ; ' The beta-glycerophosphate hj'drolyzing activity of different parts of the 
central • neiwous sj’-stem of dogs, rhesus monke 3 ’^s, rats and rabbits Avas 
found. to differ vith the location of the tissue. Minced fresh tissue. was 
used as the enzjTnic material, and the actmty Avas determined bj”- a modifi- 
cation ' of the method of A. BodanskjL ' The results shoAved that the 
glj’-cerophosphatase actmty AA'as greatest in grej’^ matter, least in white 
matter, and intermediate in mixed tissues. The aA'erage actmties for 
seA^en adult dogs (expressed in milligrams of inorganic phosphorus liber- 
ated per gram of fresh tissue in one hour at 37.5°C.) Avere: cerebral cortex, 
1.01; striatal grc}^ matter, 0.77; mixed cerebral tissue, 0.68; thalamus, 
0.66; cerebellum, 0.61; pons and medulla (combined), 0.47; spinal cord, 
0.26; AA'hite. matter, 0.28. The aA'erage A'^alues for 5 adult rabbits AA'ere: 
cerebral cortex, 0.31; basal nuclei, 0.25; cerebellum, 0.24; mixed cerebral 
tissue, 0.20; pons and medulla, 0.20; and spinal cord, 0.07. Values for the 
rhesus monkeA^ AA’ere approximatelj' midAA-aj’^ betAveen those of the dog and 
rabbit. . In other AA’ords, there are definite species differences. 

Activity Avas found to decrease Avith the age of the animal. The ac- 
tmty of different parts of the central neiwous sj'stem of jmung puppies 
was greater than that of the same tissues of the adult dog, particularly in 
the stem and spinal cord. The activity’^ of the AA'hole brain of new born 
rabbits AA’^as between 2 and 3 times as high as that of the cerebral cortex 
of adult rabbits. Similarty, brains of young rats -^^ere more active than 
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those of adult rats. These results indicate that phosphatase may play 
an important part in the synthesis and deposition of phospholipid in the 
infant brain, where the rate of such deposition has been shoivn to be greater 
than in the adult. 

Observations on the permeability of mammalian cells to cations.^ Waldo 
E. Cohn (introduced by Joseph C. Aub). Division of Biochemistry, 
University of California, Berkeley, and the Collis P. Huntington Me- 
morial Hospital, Harvard University, Boston, Mass. (Read by title.) 
The artificial radioactive isotopes of sodium and potassium afford a 
direct method for measuring the permeability of cells to these ions. After 
intravenous injection of Na’^ or in the form of NaCl or KCl solution, 
the radioactive isotope disappears rapidly from the plasma, reaching a 
relatively constant level ivitliin two hours. From the value of this plateau 
level, the amount of radioactivity which has left the extracellular phase 
can be calculated, while radioactive assay of various tissues offers a direct 
measure of relative permeabilities. 

From studies of this land on normal dogs, it is concluded that Na^'* 
distributes itself throughout extracellular fluid in about 100 minutes, no 
appreciable amount entering cells with the exception of the erytlnoc^es. 
These undergo a slow exchange of sodium, requiring about 12 hours for 
half-completion. Injected however, not o:dy is distributed through- 
out the extracellular fluid vithin this time, but also, in a 10-fold greater 
concentration, throughout the intracellular fluid. It is calculated that 
this distribution of represents an exchange between intracellular and 
extracellular K involving 40 per cent of the foimer. 

The intraperitoneal administration of these isotopes to rats and guinea 
pigs leads to similar results, except that the exchange of erythrocyte 
potassium is not nearly as complete as in the dog. 

In humans, the initial rapid exchange of K'‘- for cellular K is less, in- 
volving about 20 per cent of the intracellular potassium. The con- 
centration of the ei’j'throcytes rapidly approaches that of the plasma, winch 
represents onlj'^ a veiy small exchange of their total K. 

These results are interpreted as representing an exchange of potassium 
between intra- and extra-cellular fluids. There is evidence to support the 
^^ew that cellular K exists in tw^o forms, one readity exchangeable, the 
other slowiy so. The entry of K"*- seems to be related to the K content 
of the individual tissue. In all species examined, the amount of that 
had left the extracellulai' jihase was many times that remaining in it. 

Longitudinal impedance of the squid giant axon. Kenneth S. Cole and 
Richard F. Baker (by invitation). Department of Physiology, College 
of Physicians and Surgeons, Columbia University, New York City. 
Longitudinal alternating current impedance measurements have been 
made on the squid giant axon over the frequency range from 30 cycles 
per second to 200 kilocycles per second. Large sea water electrodes W'erc 
used and the inter-clectrodc length w^as immersed in oil. The impedance 
at high frequencies was approximate! j’’ as predicted theoretically on the 
basis of the poorly conducting dielectric characteristics of the membrane 

* T!ic riidiqactive isotopes used in this investigation wore supplied by the cyclo- 
trons of the University of California and Ilarv'jird University. 
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previousl}" determined. For the large majority of the axons, the impedance 
reached a maximum at a low frequenc 5 ’- and the reactance then vanished 
at a. frequency'- between 150 and 300 cycles per second. Below tins fre- 
quency the reactance was inductive, reaching a maximum and then ap- 
proaching zero as the frequency was further decreased. 

The inductive reactance is a property of the axon and requires that it 
contain an inductive structure. The variation of the impedance Avdth the 
interpolar distance indicates that the inductance is in the membrane. The 
impedance characteristics of the membrane as calculated from the measured 
longitudinal impedance of the axon may be expressed by an equivalent 
membrane cu'cuit containing inductance, capacitj’^ and resistance. For 
a square centimeter of membrane the capacity of one microfarad -with 
dielectric loss is shunted by the series combination of a resistance of four 
hundred ohms and an inductance of one-fifth henry. 

The electrical impedance of single frog eggs. Kenneth S. Cole and 
Rita Guttman (by invitation). Department of Physiology, College 
of Physicians and Surgeons, Columbia University, New York City. 
(Read by title.) 

The electrical impedance of single frog eggs* was investigated with an 
alternating current A^Tieatstone bridge over the frequency range from 
0.05 kc. to 10 kc. Measurements Avere made on 19 eggs in either spring 
water or a 10 per cent amphibian Ringer’s solution — both of which permit 
normal development. 

The resistance of the vitelline membrane was found to be negligible. 
The plasma membrane resistance averaged 170 ohm cm^, varjdng from 
65 to 570 ohm cm^. This resistance lies in the range of membrane re- 
sistances found for the squid axon, frog sartorius muscle, Valonia and 
Halicystis, and suggests that the ion permeabilities of these membranes 
are at least comparable. The membrane capacity averaged 2.0 micro- 
farads/cm^, varying from 1.3 to 2.9 microfarads/cm-, which is in good 
agreement with the values generalty obtained for membrane capacities in 
a large vnrietj'^ of cells. The specific resistance of the egg interior averaged 
570 ohm cm, varying from 320 to 720 ohm cm. The phase angle of. the 
membrane averaged 86°, var 3 dng from 81° to 89.5°. 

There is no certain change in membrane resistance or membrane capacity 
on fertilization, and also the specific resistance of the cell interior and phase 
angle of the membrane do not change upon fertilization. The spontaneous 
rhythmical impedance changes described by Hubbard and Rothschild 
(Proc. Roy. Soc. London, Series B 127: 510, 1939) for the trout egg were 
not found in the frog egg. 

Effects of direct chemical and electrical stimulation of the respiratory 
center. Julius H. Comroe, Jr. (introduced bj*- C. F. Schmidt). Lab- 
oratory of Pharmacology, University of Pennsylvania, Philadelphia. 

In 65 cats, anesthetized AAdth nembutal or decerebrated under evipal, 
the medulla and pons were explored with a hollow steel needle. (0.5 mm : 
in diameter, inserted in the Horsley-Clarke instrument) which served 
both as injecting needle and electrode, a copper rod in the rectum being 
the indifferent electrode. 

Acid solutions (N/1000 to N/10 HCl or lactic acid), were injected .337 
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times in 1.0 to 5.0 cu. mm. amounts, from 2 mm. below to 5 mm. above the 
obex, vnth these results : in 8 instances, barely perceptible stimulation of 
respiration occurred; in 3, slight hyperpnea resulted; in one, an inspiratory 
apnea developed. Follovdng the remaining 325 injections (96 per cent) 
no change or respiratory depression was obseiwed. Acid solutions of GO* 
in saline (70, 300, or 700 mm. tension) likewise failed to stimulate 
respiration. • ' . 

A striking contrast was observed when solutions were used contaming 
1.31 to 1.57 per cent NaHCOs in distilled water, buffered Avith C02, to 
pH 7.4, COo tension being 250-300 mm. (though similar results were ob- 
tained vdth COo tension as low as 100 mm.). Of 740 injections into pons 
and medulla (6 mm. below to 16 m m. above obex), 214 (29 per cent) re- 
sulted in immediate mild to Augorous hj^ieipnea. Of 387 injections in 
medulla alone (1 mm. beloAV to 4 mm. above obex) 40 per cent Avere positive; 
in the center of this region (corresponding to the reticular formation) 
80 per cent posith^e responses were elicited. Although occasionally 
tonically-maintained inspiration or expuation was noted, similar to that 
obseiwed by Pitts et al following electiical stimulation of this region, the 
characteristic response Avas increase in respiratoiy rate and depth. Control 
injections of distilled AA'ater, h3per- and hypotonic saline Avere negative 
though bicarbonate solutions, pH 7.7, elicited positive responses. Vaso- 
motor responses in tliis region Avere inconsistent. The results of electrical 
stimulation AA'ere in general agreement Avith those reported by Pitts. 

Conclusions. 1. Responses to chemical stimulation of the medulla 
localize the respnatory center to the medullary reticular fonnation. 
The importance of the hydrogen ion per se as the characteristic stimulus 
to the respiratory center is open to serious question. 

The effect of postural changes on blood pressure in the rabbit. Ruth 

E. Conklin and Virginia C. Dewey (bj^ invitation). Vassar College, 

Poughkeepsie, N. Y. (Read by title.) 

A study Avas made of the part played by presso-receptors of the carotid 
sinus and aortic region in the reflex control of blood pressure in the rabbit. 
This animal AA^as chosen because of its lax abdominal Avail, making it 
peculiarly ill-adapted to posture changes, and because it possesses a de- 
pressor nerve separate from the vagus. 

Normal, adult rabbits, anesthetized Avith urethane, Avere used. The 
animals were fixed on a tipping board Avhich could be tipped to the foot- 
doAATi position before and after cutting the A'agi or depressor nerA’^es or 
denervating the carotid sinuses. Blood pressure AA'as recorded b3' a 
modified Hurthle manometer. TAventy-eight successful tipping experi- 
ments Avere done, AAdth tipping from 15° to 45°. 

The tjpical response AA'as a rapid fall in blood pressure, folloAved, Avhilo 
the animal AA'as still tipped, by a sloAver rise to or tOAvard the pre-tipping 
IcA'el. The only difference between the response of the control animals 
and those depriA'cd of A'agi, aortic arch receptors, carotid sinus receptors 
or all three Avas a slightlj' smaller fall in blood pressure after destniction 
of presso-receptor pathways than before. The control animals uA'craged 
61 per cent of their initial blood pressure Avhen thej' AA'ere tipped 30°. 
Animals deprived of vagi, depressors and carotid sinuses aA'craged 78 per 
cent of tlieir initial blood pressure at 30°. Since the power of compensa- 
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tion is not lost in animals deprived of these sources of receptor impulses, 
other areas must be responsible for compensatory reflexes. Further work 
is now in progress along this line. 

Variable frequency stimulator and recorder. Harold V. Connerty 
and W ALTER H. J ohnson (introduced bj”^ Reginald A. Cutting) . George- 
town University School of Medicine, Washington, D. C. (Demonstration.) 
An electrical apparatus composed of standard radio parts has been 
derdsed for the stimulation of nerves and muscles at accurately controlled 
frequencies and intensities. . Stimuli can be produced at rates between 
one shock every six seconds and close to twentj'-five hundred per second. 
The voltage of the stimulating current at any one frequency can be in- 
dependently' controlled. An outlet is provided for a signal magnet which 
works in complete unision with the stimulating current; the blinking of 
an “electric eye” also provides an indication of the frequency. 

The electiical characteristics of the instmment will be demonstrated 
by means of an oscilloscope. This will show that each stimulation is by 
direct current of extremely^ short duration, that the voltages of the stimuli 
at any one frequency' are absolutely’’ uniform, and that output voltages 
can be varied at will without effecting the frequency'. 

Kymiograms of the responses of a frog’s gastrocnemius muscle to different 
intensities and frequencies irill be on exhibit. 

The action of inorganic salts and cardiac glucosides on the tmtle heart. 
Helen C. Coombs and F. H. Pike. Department of Industrial Hygiene 
of the Delamar Institute of Public Health, Columbia University, (Read 
by title.) 

Perfusion of the heart irith varying concentrations of inorganic salts has 
been done on more than sixty turtles. The folloiring obsen'ations are 
submitted at this time. 

In late spring and summer, when the heart is perfused ivith Ringer’s 
solution containing an excess of potassium it stops in diastole, as noted by’’ 
previous investigators. One cat unit of cardiac glucoside (strophanthin 
or digitalis) added to control Ringer gave only slight effects. When the 
concentration of potassium was increased to ten times that of the control 
Ringer, addition of the same amount of glucoside as before was usually 
followed by' the cessation of the beat in the position of systole. Sometimes 
a still greater concentration of potassium (M/10) was necessary for this 
effect. 

The effects were more variable in fall and winter and suggest a seasonal 
change in the heart. When the concentration of potassium is increased 
the heart often stops in systole. Less potassium is usually sufficient to 
stop the heart in sy'stole when a cardiac glucoside is added than in summer. 
Great sensitivity' of the heart to potassium is apparently related to the 
degree of infestation of the intestines by nematode or acanthpcephalid 
parasites and a y'ellowish-brown liver. This relationship is being checked 
further. It is possible that failure of the turtle’s heart in student labora- 
tories may' be related to general systemic' changes. 

Certain hearts sensitive to excess potassium are also sensitive to Jack of 
calcium. In the absence of calcium, the heart soon shows irregularities of 
rhy'thm with a tendency to shorten and stop; in systole. ■ Also, in the case 
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of the heart which is sensitive to excess of potassium, even to the point of 
stopping in systole, addition of calcium to the perfusion fluid is followed 

relaxation of the heart. 

The action of excess potassium is, in general, more marked in winter 
than in summer, and after the heart has been perfused vdth Ringer minus 
calcium. 

Tension in antagonistic muscles in voluntary and reflex movement. 

John P. Cooper and Herman Kabat (introduced by M. B. Visscher). 

Department of Physiology, University of Minnesota, Minneapolis. 

The cut tendons of the anterior tibial and soleus muscles were connected 
to tambours for simultaneous recording of tension in the antagonistic 
muscles. The animal was under light ether anaesthesia. 

In flexion, three t 3 'pes of responses were obseiwed in the extensor muscle. 
Frequentlj’’, the tonus of the extensor increased, with the maximal tension 
in the extensor small compared to that in the flexor (co-contraction). 
In other instances, the tonus of the extensor decreased (reciprocal in- 
nerv'^ation). In still other cases, there was no change in tonus of the 
extensor as the flexor contracted. 

In spontaneous flexion, 55 per cent of the responses showed co-contrac- 
tion and 32 per cent showed reciprocal innervation. This is in agreement 
nith the work of Tihiey and Pike (1925), who found almost exclusively 
co-contraction during stimulation of the motor cortex. 

Co-contraction also predominated in reflex flexion. On stimulation of 
the foot pad, 78 per cent of the responses showed co-contraction and only 
10 per cent reciprocal inner\'’ation. 

In another series of experiments, the spinal cord Avas transected at the 
first lumbar segment and the flexion reflex studied 3 hours later. IVhen 
the foot pad AAns stimulated, reciprocal inneiwation Avas found to be more 
frequent (40 per cent) and co-contraction less frequent (26 per cent). 

In another group of cats, the tonus of the extensor aa^s increased by 
increased stretch of the muscle or by stimulation of the crossed extension 
reflex. When extensor tonus was low, the flexion reflex shoAAnd 86 per 
cent co-contraction and 7 per cent reciprocal innervation. Wlien ex- 
tensor tonus Avas high, the flexion reflex shoAAnd 13 per cent co-contraction 
and 87 per cent reciprocal innervation. 

This preliminaiy investigation indicates that Avhen the tonus in the 
antagonist is Ioaa' or moderate, co-contraction is the most frequent re- 
sponse in reflex or voluntarj^ movement. When the tonus of the antagon- 
ist is high or after transection of the spinal cord, reciprocal innervation 
becomes most frequent. These factors ma 3 % perhaps, account for the 
obserAntion of Sherrington that reciprocal iimervration is characteristic 
of the action of antagonistic muscles. Sherrington states (1910) that a 
high tonus in the antagonist is necessaiy for the demonstration of reciprocal 
innerA'ation. 

Bleeding time in men. Alfred L. Copley‘ and Joseph J. Lalich- 

(introduced b 3 ’ O. 0. Stoland). Hizon Laboratory for Medical Re- 
search, Univer.sily of Kansas, School of Medicine, Kansas City. 

* Aided by a crant from tlic Dazian Foundation for Medical Hesearcii. 

* George A. Hrcon Fellow in Experimental Medicine. 
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There are several techniques in use for the determination of bleeding 
time in men. We eliminated variations of temperature, and of venous 
hemodjmamic pressure, and attempted to produce a uniform prick wound, 
in order to obtain more constant conditions. 

The principle of Doettl and Ripke of bleeding into fluid (1938) was 
adopted for capillary blood. A constant temperature bath (38 to 39°C.) 
capable of heating 200 cc. of isotonic saline with illumination to observe 
the bleeding, was constructed. The third or fourth finger was cleaned with 
alcohol, and immersed for two minutes into the bath. The heated phalanx 
was removed temporarily while a prick wound was inflicted with an auto- 
matic lancet (blade dimensions 2x6 mm.), after which the finger was 
immediately immersed into the bath. The bleeding time was measured 
with a stop watch from the moment the wound Avas inflicted, until the blood 
fioAv stopped. 

A series of 222 tests Avere done on 114 persons composed of the clinic 
staff, medical students, and ambulatory clinic patients. The range of 
bleeding times Avas betAveen 19.6 and 325.0 seconds, the average Avas 95 
seconds; 182 values AA^ere between 45 and 165 seconds; 20 values were less 
than 45 seconds, and 20 values A\’’ere more than 165 seconds. With strong 
illumination, a colorless floAV Avhich we believe is tissue fluid, was observed 
after the red flow had stopped. In our determinations we used the cessa- 
tion of the red floAV as the end point of bleeding time. Room temperature 
prolonged both kinds of floAv. 

Bleeding time in normal and heparinized mice. Alfred L. Copley^ 
and Joseph J. Lalich^ (introduced by 0. 0. Stoland). Hixon Lab- 
oratory for Medical Research, University of Kansas School of Medicine, 
Kamas City. (Read by title.) 

The hemostatic function of the skin is measured by the bleeding time. 
Doettl and Ripke {Medicine in its chemical aspects 3: 252, 1938, Bayer, 
Leverkusen, GermanAO described a test in mice Avhich aa^c used in this study. 
We differentiated A'^arious strength of floAvs, and an arterial flow from a 
A^enous floAA- by its pulsation. Two hundred and ninety-fiA'^e determinations 
in 106 mice ranging between 15.4 to 220.3 seconds had an average bleeding 
time of 53,8 seconds, Unlilce Doettl and Ripke, aa-c regard close checking 
on folloAving days to be AAuthin 30 seconds. 

The effect of four preparations of heparin A\^as studied on the bleeding 
time. Heparin (Connaught Laboratories, 110 units per mgm.) in large 
doses (1000 units per 20 grams weight injected subcutaneously) had no 
toxic effect. There is a definite relationship betAveen the units of heparin 
and the prolongation of clotting time. Such a relation to bleeding time 
does not exist in smaller doses (5 to 100 units), whereas in excessive doses 
(200 to 1000 units per 20 grams weight), and then only in some instances, 
Avas there an increase of both the bleeding and coagulation time. Re- 
peated prickings in some excessively heparinized mice produced a pro- 
longed bleeding time after several normal Amlues, an observation never 
seen in normal mice. 

We believe that there is a factor present in mice Avhich neutralizes the 
action of heparin and that in contrast to coagulation time only excessive 
doses of heparin prolong the bleeding time. 

^ Aided by a grant from the Dazian Foundation for Medical Research. 

~ George A. Breon Fellow in Experimental Medicine. 
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The effect of heparin on the platelet count in dogs and mice. Alfred L. 
Copley^’ and Tom P. Robb (introduced by 0. 0. Stoland). ' Hixon 
Laboratory for Medical Research, University of Kansas School of Medi- 
cine, Kansas City. (Read hy title.) 

The Vilarino-Pimentel method (Edin. Wclmschr. 18: 1253, 1939) was 
used to make platelet counts on venous blood of dogs and heart blood of 
mice. 

In vitro: Heparin (Comiaught Laboratories, 100 units per mgra.), 
decreased the platelet count directlj’^ proportional to concentration but not 
to action time. In one instance platelets entirelj' disappeared within 15. 
minutes after addition of 25 units of hepaiin. Three more cases having the 
same dose and action time showed 44, 67, and 71 per cent decrease. It 
seems that certain platelets resist the action of heparin. 

In idvo: Intravenous injection of 100 and 200 units per kilogram weight 
into dogs was followed by decreased counts in almost all cases. No rela- 
tionship between dose and decrease of count was seen. Twenty-five mice 
injected subcutaneousl}’’ with heparin 5 to 1000 units per 20 grams weight 
showed most frequently counts below the range established in 22 normal 
mice. Five mice having excessive hemorrhage and long bleeding time 
showed normal and increased counts. No relationship between bleeding 
time, heparin dosage and platelet count was seen. _ , 

We suggest that there exist in animals mechanisms which maintain the 
amount of platelets. We lielieve heparin has disintegrating effects upon 
platelets. 

A new direct method of counting the blood platelets. Alfred L. Copley^ 
and Tom P. Robb (introduced by 0. 0. Stoland). Hixon Laboratory 
for Medical Research, University of Kansas, School of Medicine, Kansas 
City. (Read by title.) 

Into a sjTinge containing 1 cc. of modified Ajmaud solution (sodium 
chloride 0.75 per cent, sodium citrate 3.8 per cent, formaldehyde 3.7 per 
cent), 1 cc. of venous blood is draivn. The blood and solution are rnixed 
and the syringe is emptied into a clean diy test tube. This first dilution 
may be kept stoppered at room temperature for 24 hours. At the time of 
the count the tube is inverted 10 times and 0.5 cc. of the mixture is added 
to 12 cc. of 3.8 per cent sodium citrate. The second dilution is mixed and 
0.5 cc. is added to 0.5 cc. of 0.2 per cent brilliant cresjd blue in 3.8 per cent 
sodium citrate. The mixed final dilution is placed in a counting chamber. 
The red blood cells irill fade after 10 minutes, and the platelets will appear 
as dark blue bodies. A few red blood cells that take the stain are differ- 
entiated by size and shape. These counts compare with the Vilarino- 
Pimentel method (1939) d= 2.5 per cent in 11 dogs and 3 humans. 

The method is simple, requires inexpensive equipment, and is convenient 
for transporting the blood mixture and deferring the count. The platelets 
are preseri-ed from disintegration by formaldehyde upon withdrawal. 
Accuracy is also increased because of the large volume of blood and the 
low final dilution used, and because the errors in the use of cutaneous blood 
arc avoided. 

Effects of renal extracts containing “angiotonin-inhibitor” on renal blood 
flow and function in normal and hypertensive dogs and human beings. 

’ Aided by a prnnt from the Dnzinn Foundation for Medical Research. 
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A. C. Corcoran, IC. G. Kohlstaedt (by invitation) and Irvine H. 
Page. Lilly Laboratory for Clinical Research, Indianapolis City 
Hospital, Indianapolis, Ind. 

Renal blood flow and function was observed in normal and experi- 
• mentall}’’ hypertensive dogs and in hj^ertensive human beings before and 
during administration of renal extracts. The measurements were made 
from the clearances of diodrast, phenol red, and inuhn. 

Administration of extracts containing angiotonin-inhibitor usually in- 
creased renal blood flow and always caused efferent arteriolar vasodilation. 
The effect was most intense in normal dogs. In these there occurred no 
significant change of blood pressure unless the amount given was veiy large. 
The renal action of the extracts was associated with decreased arterial 
pressure in both h 3 ’^per tensive dogs and human beings. On thi-ee oc- 
casions, mean arterial pressure of hj^pertensive dogs ivas reduced to noimo- 
tensive levels, and renal blood flow, which had at fu*st increased as the 
pressure fell to about 140 mm. Hg, fell precipitousl 5 ^ Renal blood flow' 
returned to higher levels as arterial pressure later increased. , 

In a few’ patients suffering from malignant hj'pertension, renal blood 
flow’ did not increase greatlj'’ as arterial pressure fell, although evidences of 
effei’ent arteriolar vasoconstriction all but disappeared. Renal blood 
flow’ in no case decreased during the use of these extracts in patients 
suffering from hyiiertension. It is therefore suggested that renal ischemia 
which sometimes occurred in experimentally h 3 ’-pertensive dogs at low' 
arterial pressures w'as the result of mechanical interference mth the flow, 
w^hereas, in human beings, the obstmction to renal blood flow' was largel 3 ' 
due to vasoconstriction. 

These observations lead to the conclusion that the renal extracts were 
not only anti-pressor, but also inhibited the renal action of the humoral 
pressor substance, angiotonin. The data also impl 3 ’’ that the renal ischemia 
of experimental renal h 3 'pertension is partly due to intrarenal vasocon- 
striction as well as to mechanical interference with renal circulation. 
The observations made in nomal dogs suggest that the renal vaso-pressor 
system ma 3 '' pla 3 ' some part in the normal regulation of renal blood flow. 

Renal blood flow in experimental hypertension due to constriction of the 
renal artery. A. C. Corcoran and Irvine H. Page. Lilly Labora- 
tory for Clinical Research, Indianapolis City Hospital Indianapolis, 
Ind. (Read b 3 ' title.) 

Reduction of renal blood flow will result from constriction of the renal 
arteiy if mean arterial pressure has been reduced distal to the point of 
clamping. If the clamp be tightened only enough to dampen the pulse, 
and if systemic arterial pressure is somewhat increased, intra-renal arterial 
pressure ma 3 '- be unchanged and renal blood flow maintained at a noimal 
level. Secondaiy reduction of renal blood flow ma 3 ' occur from constric- 
tion of the efferent arterioles by renin and angiotonin, humoral agents of 
renal hypertension. How'ever, if the systemic hypertension is sufficient 
to result in increased intra-renal arterial pressure, the resistance due to 
intra-renal vasoconstriction will be overcome, and renal ischemia will not 
occur. This balance of factors will not usually be obtained unless special 
efforts are made. 

Obsei-vations previous^' reported (Corcoran and Page, Am. J. Physiol. 
122 : 43P, 1938) have show'n that h 3 'pertension in uninephrectomized dogs 
due to compression of the renal arteiy may occur without depression of 
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phenol red, creatinine, inulin and urea clearances. It was inferred from 
these measurements that no marked or pemistent decrease of renal blood 
flow had occurred. To confirm this ^’iew, determinations of renal blood 
flow and of mean femoral arterial pressure were made in uninephrecto- 
mized dogs wdth single explanted kidne3'’s before and after compression of 
the renal arteiy bj' a metal clamp. 

HjTiertension and renal ischemia occurcd after clamping in most of these. 
In five, however, renal blood flow and function were onty temporarily 
reduced after clamping, and returned to normal levels during the persistence 
of moderate h^’pertension. 

These obseiwations seem to exclude renal ischemia as the cause of renal 
hypertension. The most obvious circulatoiy change, other than ischemia, 
which might result from compression of an artery is reduction of pulse 
pressure distal to the clamp. The demonstration by Kohlstaedt and 
Page that renin is liberated from the isolated dog’s kidney’’ perfused with 
blood under constant mean arterial pressure, but vdth reduced pulse pres- 
sure, suggests, as do the observations here reported, that reduction of renal 
arterial pulse pressure rather than renal ischemia is the factor which main- 
tains the arterial pressure of experimental hypertension. 

Effects of desoxycorticosterone on fluid metabolism in the chronic hy- 
pophysectomized rat. E. L. Corey and S. W. Britton. Physiolog- 
ical Laboratory, University of Virginia Medical School, University. 
As pre\’iously shown in this laboratoiy, hypophysectomized rats show 
a marked polyairia and poly’dipsia immediately' after operation. A dimin- 
ution in the diabetic condition is observed in 2 to 4 days, however, and 
at the end of 8 to 10 day's after hypophysectomy' a chronic but slight 
diabetes sets in and may' peisist until death. The present study', including 
data dexived from over 250 indmdual tests, is particularly' concerned with 
this phase of chronic, mild diabetes obseiwed in hypophy'sectomized rats. 

Desoxy'corticosterone acetate injected into such animals (2 mgm. every' 
2 his. for 12 hrs.) resulted in a return of the severe diabetic condition ob- 
sen'ed initially, wth marked hypochlomria. Thus, a series of 12 hypo- 
physectomized uninjected rats obseiwed from the 12th to the 32nd post- 
operative day showed a water intake of 2.7 cc., urine output of 2.1 cc., 
and chloride excretion of 4.44 mg., all determined on the basis of 100 grams 
body weight. The same animals in alternate tests with desoxy'corticos- 
terone showed values for water, uiine and chloride of 8.2, 4.9 and 1.37 re- 
spectively. Thirty'-four normal untreated rats showed respective values 
of 1.7, 1.5 and 4.47. Massive doses of desoxy'corticosterone did not 
augment the diabetic, hypochloruric response. 

In such seiies studied for extended periods it was observed that the 
effects of desoxy'corticosterone were progressively' diminished with re- 
peated trials. An increased resistance or tolerance to desoxycorticosterone 
action (anti-hormone effect?) is therefore indicated. Thus, hy'pophy'- 
sectomized rats tested -with desoxy'corticosterone from 32 to 64 day's after 
operation showed water, ui-inc and chloride levels of 4.3 cc., 2.5 cc. and 
1.54 mgm. Alternate tests without injection yielded I’espective values 
of 2.2, 1.9 and 4.50. 

The effects of desoxycorticosterone described above were completely' 
antagonized by post-pituitary' extracts. The vehicles used — sesame oil, 
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propjdene glycol — were apparentlj’- inactive as regards the diabetogenic 
effect. 

Fundamental differences in the reactivity of autonomic and cerebrospinal 
nervous systems. R. Cortell (b3’' invitation) and E, Gellhorn. 
Department of Physiology, College of Medicine, University of Illinois, 
Chicago} 

W^iereas somatic movements elicited by direct stimulation of the hjTio- 
thalamus and the spinal cord, and bj’- reflexes centered in the brain stem 
decline under the i^uence of anoxia, it is found that autonomic centers 
at these levels show an increased excitabilitj' during anoxia. As indicators 
of autonomic reactivity the nictitating membrane (N.M.), pilomotor, or 
blood pressure responses were studied during h3^pothalamic, medullaiy, 
and spinal cord stimulation. 

The threshold for the pilomotor response resulting from either medullary 
or spinal cord stimulation is lowered during short periods of inhalation of 
4 , 5 - 6.0 per cent ox3’^gen. Similar concentrations of ox3’^gen cause an in- 
crease in the height of the contraction of the N.M. elicited by h3q)othalamic 
stimulation in both normal cats and cats deprived of their “buffer nerves.” 
The blood pressure rise resulting from h3TDothalamic stimulation in normal 
cats is increased during low oxygen inhalation. Unlike the N. M. response, 
however, the blood pressure response is diminished during anoxia, if the 
carotid sinus nerves and the vagi have been sectioned. The blood pressure 
rise resulting from medullaiy stimulation in the region of the vasomotor 
center likewise increases during anoxia. Furthermore, in some cases, a 
depressor response elicited by medullaiy stimulation may become a greater 
depressor response ; in other cases, it ma3’- be converted to a pressor response. 

The depression of somatic activity at the same time that autonomic 
activit3'' increases under conditions of anoxia is an expression of funda- 
mental differences between autonomic and cerebrospinal centers. Since 
similar differences are found under conditions of h3y)ercapnia and h3rpo- 
glycemia it is assumed that these characteristics of autonomic centers 
make adjustment reactions to altei’ations of homeostasis possible. 

Determination of cardiac output in man by the direct Fick method and the 
ballistocardiograph .2 AndrjS Cournand and Hilmbrt A. Ranges 
(introduced b3’- Homer W. Smith). Departments of Medicine of the 
College of Physicians and Surgeons, Columbia University, and New 
York University College of Medicine, and the Third (New York Uni- 
versity) Medical Division of Bellevue Hospital, New York City. 

A method of catheterization of the right auricle in man has been de- 
veloped which permits the collection of mixed venous blood and the 
measurement of cardiac output b3’^ the direct Fick principle (Oo and CO2). 
A special 10 -gauge Lindemann needle is introduced into the median basilic 
vein of either arm, and a no. 7 , or no. 8 , silk, radiopaque ureteral catheter, 
continuously but slowly perfused with saline, is introduced through the 
needle and slowly threaded up the vein. Catheterization is carried out on 
a horizontal fluoroscope table in order to guide the catheter to the desired 

1 Aided by a grant from the John and Mary R. Marklc Foundation and WhP.A. 
Project 30278. 

® Aided by a grant from the Commonwealth Fund. 
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position. When the tip of the catheter is determined to be in the right 
auricle, blood is collected by disconnecting the sahne reservoir and at- 
taching to the catheter a 3-way stopcock connected with two s 3 Tinges, one 
filled with saline and one containing oil. Blood is first drawn into the 
saline sjuinge, then into the oiled syringe. Ten to 15 cc. of blood can be 
collected Avithin 25 seconds udth the slightest pressui'e. 

Simultaneous femoral arterial blood is taken and exphed an collected. 
Sampling of mixed venous blood and arterial blood, and collection of 
expired air are carried out mth the patient lying on the ballistocar^o- 
graph. Ballistocardiograms are recorded just before and after sampling. 
There is no pain involved in passing the catheter, the pulse rate does not 
change before or during the procedure and the stroke volume as determined 
b}' the ballistocardiograph before, during and after the blood sampling 
and collection of expired air remains unchanged. The results do not appear 
to be affected by psychic disturbances. 

Right heart catheterization has been performed 11 times and 4 successful 
comparisons of cardiac output by direct Fick and ballistocardiograph 
have been made. The oliservations are being continued and a detailed 
report vdll be made. 

Experimental macrocytic hyperchromic anemia. Lathan A. Crandaui., 

Jr., C. Osville Finne, Jr. (by imdtation) and Paul W. SmTH. De- 
partment of Physiology, University of Tennessee College of Medicine, 

Memphis. 

In the course of other investigations on dogs with ‘'internal" biliary 
fistulae (anastomosis of gall bladder to right renal pelvis vdth hgation of 
common duct) it was obseiwed that the anemia developing spontaneously 
in these animals is of the macrocytic hyi^erchromic type, similar in blood 
picture to pernicious anemia and sprue in man. 

We have now followed the progress of 12 such dogs, only one of which 
has failed to develop a “primary” tyTJe of anemia \vithin 4 months after 
operation. Deficiencies in vitamins A, D, and K also are apparent. 
Appropriate treatment of these vitamin deficiencies has not altered the 
course of the anemia. 

In eleven of the bile fistula dogs the mean corpuscular volume (MCV) 
and mean coiiJuscular hemoglobin (MCHb) have shown increases exceeding 
2 standard deviations from the mean for normal animals and often have 
exceeded 3 S. D. Parenteral administration of iron, copper, alpha-toco- 
jihcrol, thiamin, riboflavin, nicotinic acid, and pyridoxin has had no 
effect on the development of the anemia. The anemia has occurred when 
4 grams of 3 'east have been added to the daily* diet. 

The anemic animals respond to the parenteral administration of purified 
liver extract (Lilly*, 15 units per cc.) by* reticulocytosis, return of MCV 
and MCHi) to within normal limits, and by* increases in red eell count and 
hemoglobin concentration. 

These observations arc believed to indicate that absence of bile from the 
digestive tract interferes with the absoqjtion of the ciythrocytc maturation 
factor. 

Muscle and cardiac electrolyte in potassium poisoning. J. M. CrismolV 

C. Crismok, M. Cal.^buesi and D. C. Dahrow (introduced by* Victor 

’ On le-ivc of :ih?cnce from Department of Physiology, Stanford Universitj*. 
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E. Hall). Departinent of Pediatrics, Yale University School of Medi- 
cine, New Haven, Conn. 

Potassium poisoning as indicated by A.Y, block in an electrocardiogram 
was produced by intraperitoneal injection of 0.5 molar KCl in pentabarbi- 
talized cats, i^alyses of serum, muscle and heart were earned out for the 
principal electrolytes. In some exiieriments the concentration of serum 
electrolyte was changed bj'’ simultaneous injection of h3^pertonic NaCl- 
NaHCOs and in others, b^' removal of extracellular electroljde bj’- the 
intraperitoneal injection and subsequent removal of 5 per cent glucose. 

A.V. heart block develops when the concentration of potassium in the 
serum rises to 8 to 12 mM per 1. Potassium usuall3'- increases consider- 
ably in the heart and somewhat less in the muscle but these tissue changes 
do not occur in all experiments. Wlien h3’^pert6nic NaCl-NaPICOs is 
injected along with 0.5 molar KCI, the rise in cai'diac K is greater than 
when KCl alone is injected. A.V. block occurs, however, at the same 
serum level. VOien extracellular electrol3d;e has been depleted, A.^’’, 
block occurs at a somewhat higher serum level than in most of the other 
experiments but cardiac potassium is essentiall3’^ normal. In one experi- 
ment the simultaneous injection of 5 per cent glucose with 0.5 molar KCl 
produced elevation of semm potassium to 9 mM vdthout electrocardio- 
graphic signs of K poisoning although cardiac potassium reached a high 
level. 

The results confirm previous observations on the relation of the concen- 
tration of potassium in serum to heart block; the3^ show that cardiac 
potassium usuall3’- rises under these circumstances but A.V. block ma3'' 
occur when cardiac potassium is noi-mal when expressed per unit of fat 
free solids or per unit of intracellular water. 

Reflex modification of respiration by intestinal distention. Robert T. 

CROvmEY (introduced b3^ Charles G. Johnston). Department of Surgery, 

Wayne University College of Medicine, Detroit, Mich. 

Thu’t3" dogs were used in the courae of tins experiment. Under complete 
anesthesia produced by injections of pentobarbital, the spinal cord was 
exposed at the level of the first dorsal vertebra, the vagus nerves isolated, 
the right carotid arteiy cannulated, a pleural cannula inserted in the right 
chest, and a distending tube placed in the small intestine 24 inches from 
the p3dorus. Continuous respiratoiy and blood pressure tracings ivere 
recorded simultaneousl3’’ on the k3miograph. Periodicall3’' the tube in the 
intestine was inflated to produce intraluminal pressures var3dng from 50 
to 150 mm. Hg. 

Distention of the small intestine produced marked respiratory changes 
in all of the experimental animals employed. The respu-ator3' effect con- 
sisted of a shoi’t period of apnea or irregular breathing followed immediate^ 
b3’' a marked increase in volume and usually in rate. The rapidity and the 
magnitude of the respiratoiy effect w^ere directh' proportional to the speed 
with which the distension of the gut was produced and also directly pro- 
portional to the amount of distention, 100 mm. Hg giving a more pro- 
nounced effect than 50 mm. Hg. 

Bilateral section of the vagi did not abolish the respirator3’- effect, but 
transection of the spinal cord at the level of the first dorsal vertebra or 
isolation of the distended gut segment from all mesenteric connections 
eliminated it completely. 
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Anesthesia depressed the respiratory effect in direct proportion to the 
depth of the narcosis induced, Cocainization of the mesentery attached 
to the distended segment with a 1 per cent solution depressed the respira- 
tory effect but frequently did not abolish it after twentj”- minutes. Atropine 
(5 m,/kg,) and yohimbin (6 mg./kg,) intravenousb’- did not abohsh the 
respiratory effect. 

Concomitant alterations in systolic blood pressure occurred ■with the 
appearance of the resphatory changes, the most usual effect being an 
immediate elevation upon distension and fall after release. 

The circulation in traumatic shock. M. L, Cullen (by imdtation) , 
A. E, ScHECTER (by in-vitation) and N, E, ^Freeman, Harrison 
Department of Surgical Research, School of Medicine, University of 
Pennsylvania, Philadelphia. 

Traumatic shock was produced in nine out of eleven dogs and in five 
partially sympathectomizcd dogs. Local fluid loss was excessive in all 
cases. The earliest sign of shock was a marked reduction of peripheral 
blood flow, Hemoconcentration was not a significant finding. 

Shock was produced in fourteen out of sixteen dogs with more severe 
trauma, but vath restriction of local fluid loss. The earliest sign of 
shock was again a marked reduction of peripheral blood flow, Hemocon- 
centration occurred at a later time. 

Blood volume determinations by the carbon monoxide method showed a 
substantial reduction of blood volume after trauma, and this reduction 
was only partially accounted for by local fluid loss. 

Post mortem examinations suggest that at least part of the "lost” 
blood volume is to lie found in the lumen and mucosa of the upper intes- 
tinal tract. 

Membrane resting and action potentials of the squid giant axon. Howard 
J. Curtis and Kenneth S. Cole. Department of Physiology, Johns 
Hopkins University School of Medicine, Baltimore, Md., and Depart- 
ment of Physiology, Columbia University, New York City. 

The action and resting potentials from the membrane of the squid giant 
axon have been measured between one electrode inside and another elec- 
trode outside the axon. The membrane is pierced at one end of the axon 
by a capillarj' glass needle filled vdth isotonic KCl which is then pushed 
along the axis of the fiber for a distance of 15 ram. Potentials are re- 
corded between large Ag-AgCl electrodes leading to this capillary and to 
one on the outside of the fiber directb’^ opposite the tip of the needle. These 
impaled axons often remain excitable for many hours, and experiments 
were discarded unless excitability was maintained for at least an hour 
after inserting the needle. 

The resting potential of these axons varied from 46 to 59 millivolts and 
averaged 51 millivolts. Liquid junction potentials undoubtedly cause a 
slight error in these measurements. Action potentials recorded in this 
way were somewhat diphasic, and tended to be oscillatory, with the first 
positive phase about 15 per cent of the spike height. The maximum 
negative variation from tlie resting potential (spike height) varied from 
77 to IGS milli\"olts and averaged 108 millivolts. Thus during the passage 
of an impulse the membrane potential is momentarily reversed in sign 
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SO that the outside may be as much as 110 millivolts negative with respect 
to the inside. The fact that the action potential is larger than the resting 
potential can be qualitative!}’ explained by - the observed membrane 
inductance. 

The resting potential was measured as a function of the potassium ion 
concentration of the fluid surrounding the axon. It was found that in 
the region of the normal potassium concentration there was a relatively 
small change of potential with concentration, but at higher concentrations 
the potential fell sharply, reached zero at about 20 times normal concen- 
tration, and was about 15 milli^’olts negative at 40 times (isotonic KCl). 
The spike height was very sensitive to increases in potassium concentra- 
tion, and was reduced to onl}'^ a few millivolts by a concentration which 
left the resting potential practically unchanged. 

Changes in the rhesus uterus during labor. D. N. Danforth and R. J. 
GRAH.rVM (introduced b}^ A. C. Ivy). Department of Physiology and 
Phar77iacology, Northwestern Lhiiversity Medical School, Chicago, III. 
Frozen sagittal sections have been made of 30 Macacus Rhesus monkeys 
at various stages of late pregnancy, labor and the puerperium. Measure- 
ments made from the specimens themselves and from direct outline trac- 
ings reveal the following: During the first stage of labor, retraction aj^pears 
to be more or le.ss limited to the isthmus uteri, though the percent of re- 
traction of the isthmus and corpus in i)roportion to the internal circum- 
ference contributed by each appeal’s to be about the same. The cervical 
lips are retracted to and above the level of the symphysis pubis. During 
the second stage of labor retraction occurs at an essentially equal rate in 
corpus, isthmus and cervix, “Thinning of the lower uterine segment,” 
commonly observed at Caesarian section in the human being, appears to be 
due only to the contrast between the fully retracted coipus, which was 
considerably better developed to start with, and the less h}qDertrophied, 
but nevertheless fully retracted structures which have been pulled upward 
from below. Deep anesthesia may also be a factor. In the third stage of 
labor retraction is most marked in the corpus uteri. After the completion 
of labor there is almost instant return of the uterus to the general form 
manifest prior to pregnancy. 

Autonomic concomitants of changes in the electroencephalographic 
“spectrum.” C. W. D arrow and M, L. Phillips (by imitation). 
Institute for Juvenile Research a7id Departnmit of Physiology, Uni- 
versity of Illinois, Chicago. 

By a method providing continuous graphic analysis of the frequency of 
the human electroencephalogram along udth simultaneous systolic blood 
pressure, palmar galvanic (sweating) and respiratory changes certain 
patterns of response are shown to be of significance in a relatively large 
proportion of individuals. Sympathetic activity as indicated by simul- 
taneous rises in systolic blood ]Dressure and palmar sweating are shown to 
be attended or immediately preceded in a large proportion of instances by 
one or more of the following: 1, increase in “beta” activity; 2, blocking 
of “alpha,” or 3, alpha out of phase in the two hemispheres. The increase 
of alpha appears associated with decrease of the prevailing sympathetic 
tone. Parasympathetic activity as inferred from a fall in blood pressure 
following stimulation is attended by augumentation of certain of the slower 
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frequencies in those individuals manifesting these frequencies. In such 
indiiiduals, inhibition of paras 3 Tnpathetic tonus as indicated a rise in 
blood pressure vnthout concomitant sjmipathetic palmar sweating is 
attended hy a decrease in slow potentials. Cei’tain exceptions to these 
interrelationships are specified in the attempt to define the limits within 
which it is justifiable to derive an autonomic interpretation of the electro- 
encephalogram. 

Effect on pulse rate of peripheral arterial occlusion and release.^ D. V. 

Dauber, H. Weinberg and M. Landomtx'e^ (introduced by L. N. 

Katz). Cardiovascular Department, Michael Reese Hospital, Chicago, III. 

The effect on pulse rate of appljdng and releasing occluding cuffs to 
the lower extremities ivas observed in 27 normal and in 4 subjects with 
thromboangiitis obliterans. Fiftj'-seven tests, each invohdng two or 
more occlusions, were performed with the subjects horizontal. Pulse 
rates were measured from electrocardiographic records. A rapid interrup- 
tion of the arterial inflow was effected bj’ connecting vdde cuffs placed 
around the proximal thighs to a pressure tank at over 200 mm. Hg. The 
immediate return of flow was assured b\’ disconnecting the pressure tank 
and opening the cuff tube. 

In about half of the cases, application of the occluding pressure was 
followed bj* a slowing in pulse rate of 4-20 beats per min. (average 9), 
developing 1-3 sec. after occlusion and lasting 5-16 sec. During the 
period of occlusion, no significant changes in pulse rate occurred. On 
release of the occluding pressure, a pulse acceleration of 15 to 30 beats per 
minute was noted in 97 per cent of the cases, lasting to 3 minutes. This 
acceleration commenced 1 to 3 sec. after release, reachmg its maximum 
in four to five seconds. The extent and duration of the pulse acceleration 
varied directh’’ with the length of prior occlusion. No rise in pulse rate 
occurred on release of arterial occlusion in the four patients irith throm- 
boangiitis obliterans. 

A fall in arterial blood pressure was observed to follow release of the 
arterial occlusion; and in 7 cases studied b 3 ' direct needle puncture 
of the brachial arter 3 ' with a Hamilton manometer, this blood pressure 
fall was observed to be instantaneous and the pulse contour changed as 
expected with a lowering of peripheral resistance. The blood pressure 
dropped from 12 to 35 mm, s 3 'stolic and from 14 to 27 mm. (hastolic. 
An instantaneous, transient rise in blood pressure occurred on application 
of the occlusion in the five cases studied with the same technic. 

It is concluded from the time at which the blood pressure and pulse 
rate change occurred that the pulse acceleration on release of peripheral 
arterial occlusion is a reflex response to the drop in blood pressure, and 
that the latter results from the lowering of the peripheral resistance b}' 
rcoiiening the leg vascular channels. The failure of patients with narrow- 
ing of the peripheral vessels to develop a similar pulse acceleration would 
favor this interpretation. 

The reaction of living bone to various metals and alloys. H. A. Daven- 

i’ort and 11. 4". Bothe (introduced hy W. F. Windle). Department of 

Anatomy, Northu'cstern University Medical School, Chicago, III. 

‘ Aided bv the A. D, Xast Fund for Cardiac Rcse.arch. 

= Emanuel ljil)man Fellow. 
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A sequel to work reported previously (Surg., Gynec. and Obstet, 71: 
598, 1940), consisted of implanting asepticall}’' into the femurs of adult 
cats, 2 mm. pegs of the following metals: Al, Ag, Be, Cd, Co, Cr, Cu, Mn, 
Mo, Ni, Pb, Ti, and W; and the alloys: Au-Pt, Mn-Ti, Cr-Mn, Fe-Ti, 
stainless steel and vitallium. The implants were driven into holes drilled 
through the cortex of the bone and into the medulla, so that the metal 
came in contact with cortex, medulla, and periosteum. Two implants 
usually of dissimilar metals were made in each femur. Reactions of the 
bone were characteristic for each metal. Readings of differences in 
electrical potential between couples of dissimilar metals as related to the 
reactions gave no support to the idea sponsored bj’’ some surgeons that 
electrolysis is the cause of unfavorable bone reaction to metallic prostheses. 
Ti, Pb, Cr, Al, vitallium and stainless steel were tolerated well. Cu was 
toxic, as shown by bone recession from the implant; Mn stimulated callus 
formation with covering -of the implant b}"- new bone formation, and Co 
became enclosed in a fibrous tissue capsule within an eroded area. It is 
concluded that li\'ing bone reacts to adjacent metal in the manner condi- 
tioned by the solubiUty of the metal in body fluids plus the effect of the 
metallic salts so formed. Toxicity of salts of metals, such as lead and 
chromium, is not necessarih' a criterion when the metals themselves are 
insoluble. 

The inhibition of carbonic anhydrase and gastric acid secretion by sul- 
fanilamide. Horace W. Davenport (introduced by C. N, H. Long). 
Department of Physiological Chemistry, Yale University Medical School, 
New Haven, Conn. 

Sulfanilamide is a powerful inhibitor of carbonic anhydrase when the 
enzyme is in dilute solution, and the relation between the enz 3 ^me and the 
inhibitor follows the mass action law. However when the concentration 
of carbonic anhydrase is increased the inhibition by sulfanilamide becomes 
weaker. At enzjme concentrations approaching those in the parietal- 
and red blood cells veiy high concentrations of sulfanilamide of the order 
of 20-100 mgm. per cent are necessary to produce effective inhibition of 
the enzj’-me. Consequently it can be predicted that onlj-- high concentra- 
tions of sulfanilamide can produce a significant decrease in the ability of 
carbonic anhydrase to catalj'-se the hj-^dration and delydration of carbon 
dioidde in the bod 3 ^ This prediction is confirmed bj’’ clinical experience 
and by the direct observations of Roughton and his colleagues (unpub- 
lished data). 

Sulfanilamide has a small but definite inhibitory effect on the secretion 
of acid by the gastric mucosa of dogs. At the plasma sulfanilamide con- 
centration of 25 mg. per cent the inhibition of the rate of acid secretion 
is from 20 to 40 per cent. Below 10 mgm. per cent the inhibition is neg- 
ligible. These observations agree vdth the order of magnitude of inhibi- 
tion to be expected, and thej^ support the theory that carbonic anhj’-drase 
is an integral part of the acid secreting mechanism. 

A new microrespirometer for nerve. P. W. Davies and Frank Brink, 
Jr. (introduced by D, W. Bronk). Department of Physiology and 
Biophysics, Cornell University Medical College, New York City. 
Heyrovsk 5 ’-’s electrode method (0. H. Muller, Cold Spring Harbor 
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SjTiiposia 7 ; 59, 1939) has been used in a microrespiration chamber which 
is suitable for measuring respiration of nerve. A 27 micron platinum- 
iridium we is sealed into the wall of a small glass tube (4 cm. x 2 mm.), 
the tip of the wire projecting into the lumen. The tube is filled with a 
solution and the electrode is made 0.9 volt negative vdth respect to a 
calomel half-cell which communicates with the chamber. The current 
which then flows is proportional to the oxygen concentration of the fluid. 
A respiring nerve placed in the chamber reduces the ox 3 ’’gen concentration 
of the solution, causing a progressive decrease in this electrode current. 
After a ten minute diffusion transient the current decreases at a constant 
rate which is a measure of the nerve’s resphation. Our apparatus vill 
detect a consumption of approximatelj^ 10~^ cu.mm, oxj^gen and can be 
used to follow minute bj’’ minute the respiration of 10 mg. of peripheral 
neive. 

To calibrate the cell a larger auxiliaiy wire is placed in the chamber and 
made cathodal. The constant current thi-ough this calibrating vire 
electrolj’-zes oxygen from the solution (2H+ -|- O 2 + 2e — ^ H 2 O 2 ) at a definite 
rate. The resulting change of oxj'^gen concentration is measured by the 
small measuring electrode as previously described. Tlie rate of change of 
current in this measuiing electrode is found to be approximately propor- 
tional to the rate of removal of oxygen from the solution. Complicated 
diffusion con'ections are thus avoided. 

This method has three advantages over the volumetric micromethods. 
The system is quite insensitive to temperature changes, making accurate 
temperature control unnecessary. Secondly, it is easj’’ to change the 
solution bathing the neive by flowing the new solution in through a 
capillaiy at the end of the tube. Thus successive respiration measure- 
ments on the same nerve can be made quickl 3 ^ A third advantage lies 
in the use of electrical measurements which can be made as accurate as 
de,sired. 

lvalues of nerve respiration obtained bj' this method are comparable 
with those measured volumetricall 3 ^ 

Factors affecting the electro encephalographic changes induced by hyper- 
ventilation. H. Davis and W. McL. Wallace (bj’- invitation). De- 
partments of Physiology and Biochemistry, Harvard Medical School, 
Boston, Mass. 

EEGs were recorded during and after 52 standardized hypeivcntilation 
tests on 6 healthy male subjects. Blood from a finger pad, taken just 
before and just after hy^ieiventilation, was anal.yzed for total CO 2 , pH 
(semm) and blood sugar. Breathing was timed b\’’ metronome at 15 
breaths per min. for 3 min. and the depth adjusted bj' insti-ucting the 
subject according to the excursion of the drum of a Roth-Benedict metab- 
olism apparatus to 20 cc, (1 mm. on scale) per pound of bodj’^ weight. 
As arbitrarj' mea.sures of the modification of the EEG, in addition to the 
usual visual in.spection, wc counted the number of waves above an arbitrary' 
size (never reached in normal control records) passing an electrical filter 
broadlj' tuned to 5 cj'cles, and wc also measured a modified “delta index” 
(Hoagland). 

Repeated tests on the same subject on the same day at intervals of 20 
to 10 min. produced closely similar changes in total "CO 2 , in pH and in 
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the EEG. CO 2 tension fell 18 to 20 mm. Hg, and pH increased by 0.15 
to 0.20 units. The standardization of breathing seemed adequate to 
produce a standard and considerable respiratory alkalosis. 

Metabolic alkalosis (pH up to 7.53 before hyperventilation) and acidosis 
(pH dovTi to 7.29) produced by oral ingestion of NaHCOs and NH4CI 
respectively caused no significant change in the effect of hyperventilation 
on the EEG. 

HjTDerventilation with oxj’-gen produced less alteration than with ah, 
even when the oxygen absorbed from the air in the metabolism apparatus 
was continuously replaced. 

Low blood sugar favors the appearance of delta waves, and a high sugar 
level (over 100 mgm. per 100 cc.) strongly tends to prevent theh appear- 
ance. At a given blood-sugar level, there are great individual differences 
in the amount of slow-wave and delta activity that vuU appear, and some 
subjects ma 3 ’’ vaiy considerabl}'' in their responses from one day to another, 
but the effect of low blood sugar is so important that blood sugar must be 
controlled if hj’perventilation is to be standardized as a test for stabilit}’- 
of the EEG. 

The production of experimental polycythemia in dogs and rabbits by the 
daily administration of ephedrine. John E. Da%us (introduced by 
F. J. ]\I. Sichel). Department of Physiological Chemistry and Pharma- 
cology, University of Vermont College of Medicine, Burlington. 

We have previouslj^ shomi (1940) that choline and other vasodilator 
drugs are effective in depressing the experimental polycjdhemias produced 
in dogs b 3 '’ cobalt or b 3 ’- exposure to low atmospheric pressures. To ex- 
plain this action, we assume that these dilator dnigs improve the blood 
flow to bone marrow, thus diminishing the local anoxia and remo%dng the 
stimulus to potycythemia. 

If this explanation is correct, it would seem that dings which might 
constrict marrow arterioles should have the opposite effect; i.e., should 
increase the rate of red blood cell formation. 

Ephedrine sulphate has been administered orally to 4 normal dogs in 
daily doses ranging from 2.5 to 5 mgm. per kilogram. After about ten 
da 3 ’^s on this routine, each dog exhibited an increase of about one million 
in his basal erythroc 3 i;e number. The increases occurred gradually, and 
were not accompanied b 3 ’' increased leukoc 3 de counts. The percentage 
of reticuloc 3 i;es was almost doubled. The red ceU counts dropped to 
normal within 7 to 10 da 3 ^s after cessation of ephedrine. 

In similar experiments on rabbits, two normal and two splenectomized 
animals have been given 45 mgm. of ephedrine sulfate dail 3 ^ b 3 ’- subcu- 
taneous injection. Within 6 to 12 days each rabbit showed an increased 
number of erythroc 3 i;es (increase about 1 million). Reticulocyte per- 
centages increased from about 1.5 to 4.0 (average). Hemoglobin per- 
centages were also increased. 

These results can be explained b 3 ’- assuming that ephedrine reduces the 
blood flow to bone marrow, thus reducing ox 3 ’-gen supply, and stimulating 
er 3 ’'thropoiesis. 

Effect on the electroencephalogram of alterations of blood sugar level. 
P. A. Davis (introduced by H. Daids). Department of Physiology, 
Harvard Medical School, Boston, Mass. 
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Thirty fasting college students were each given insulin intravenously 
(U-40 or 0.00056 cc. per lb. body weight). EEGs and EKGs were then 
recorded continuously for over an hour, during which 7 blood samples 
were taken. 

The lowest blood-sugar levels occurred between 25 and 30 minutes post- 
insulin, but levels reached (53 to 75 mgm. per 100 cc.) were independent 
of the original levels (80 to 113 mgm. per 100 cc.). As the blood sugar 
falls, the EEG changes appear, but the sequence of these changes is 
independent of the rate of fall or subsequent rise. 

The sequence of EEG changes is as follows; In 15 to 20 minutes a re- 
duction of alpha and the appearance of 8 per second waves occur. In 
20 to 25 minutes, 4 to 8 per second activity dominates. By 30 minutes 
delta activit 3 ’' and also very slow sinusoidal waves, 2 to 5 seconds long, 
appear. The latter may appear simultaneously' vdth the usual delta, the 
4 to 8 per second or alpha activity, and may recm- until the 45th minute. 
At 40 minutes low voltage 16 to 20 per second waves gradually come in, 
replacing the 4 to 8 per second activity until the alpha returus and finally 
dominates the picture and the EEG becomes stable again. 

In 4 cases of EEGs -with inherent slow dy’^srhydhmia, the slow activity 
was more clearly’^ organized and stationaiy when the blood sugar was at 
the lowest level. 

The symipathetic reaction, indicated by acceleration of the pulse, occurs 
between 25 and 30 minutes after the EEG changes have begun. Therefore 
it is the fall in blood sugar and not the sjmipathetic reaction which causes 
the instability of the EEG. This instability continues approximately 10 
minutes after the pulse has resumed its previous rate. Ordinarily the 
EEG remained unstable, and the 4 unusual cases referred to maintained 
organized dysrhythmic activity, for 5 to 10 minutes after the rising blood 
sugar had passed the level at wnich the EEG first changed when the blood 
sugar was falling. 

Kinetics of lung ventilation with special reference to the use of helium. 

Robert B. Dean (by invitation) and Maurice B. Visscher. Deparl- 

mcnt of Phjsiologjj, University of Minnesota, Minneapolis. 

Helium requires about 10 per cent more pressure than N 2 for equal 
velocities of streamline flow. However, a mixture of 80 per cent He, 
20 per cent O 2 can flow approximately three times as fast as air before its 
motion becomes tux-bulent; consequently^ the pressure necessaiy to main- 
tain a turbulent flow' of air is greater than the pressure necessary to main- 
tain the same velocity in a HC-O 2 mixture. Calculations show' that 
turbulence in the normal dog lung occurs onh' in the trachea and larger 
bronchioles. 

Although diffusion of He is nearly' 4 times as rapid as No, a model con- 
taining contorted passages smaller than the smallest in the lung showed 
essentially' equal flows of air and He; indicating that diffusion can not be a 
major facdor controlling the ventilating pressure of the lung. 

We have studied dog lungs ventilated by a simple pump connected to 
the trachea using a glass spoon manometer to record jiressurcs. Pre.ssures 
were plotted against volumes displaced by the pump to produce curves 
for .a ventilation cy’cle similar to those obtained mechanically bv Bay'liss 
and Robertson (Quart. .1, Exper. Physiol. 29: 27, 1939). 
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The resistance to ventilation can be separated into a viscous component, 
which includes an}'- turbulence as well as tissue viscosity; and an elastic 
component which is entirely due to the tissues. The elastic but not the 
viscous component is reduced by opening the chest. Substitution of He-02 
mixtures for air produces no change in the viscous resistance, and slowing 
the pump from 20 to 6 cycles per minute produces only a small decrease 
in viscous resistance. Some of the tissue elasticity appears to be due to the 
fact that rapid inflation causes an increase in pressure which falls slowly 
if the volume is maintained and is considerably lowered by a small reduction 
in volume. 

The interaction of cortical potentials produced by stimulation of the thal- 
amus. E. W. Dempsey and R. S. Morison. Depariments of Physiol- 
ogy and Anatomy, Hai'vard Medical School, Boston, Mass. 

Stimulation of peripheral nerves in cats under nembutal anesthesia is 
followed by short latency responses which are sharply localized in the 
sensorimotor cortex. These responses decline in magnitude as the stimulus 
frequency is increased, and have an electrical sign unrelated to that of the 
prevailing 8-12/ sec. spontaneous activit}^ Similar responses are produced 
by stimulation of points ndthin the cortical relay nuclei in the lateral 
thalamic mass. 

Stimulation of the medial thalamic nuclei gives rise to widespread, long 
latency responses in the frontal cortex. These effects increase rapidly in 
size (recruit) on repetitive stimulation at frequencies up to 10/ sec., after 
which alternation or disappearance occurs. The polarity of these poten- 
tials is the same as that of the 8-12/ sec. spontaneous activity. 

The effects of peripheral nerve or lateral thalamic stimulation occur on a 
quiet background or may be superimposed upon both the spontaneous 
activity and the recruited response. The reemited response, on the other 
hand, is blocked by simultaneous!}’- occurring spontaneous activity. 

Since spontaneous activity does not render the thalamic relay nuclei 
refractory, it follows that the spontaneous activity cannot be due to rever- 
berating circuits between the cortex and relay nuclei. On the other hand, 
since there is refractoriness to the recruited response during spontaneous 
activity, it is concluded that the medial nuclei are an integral part of a 
mechanism controlling the 8-12/ sec. rhythm. This conclusion is rein- 
forced by the observation that destruction of the medial nuclei permanently 
abolishes or greatly reduces spontaneous activity (Morison and Dempsey, 
Proc. Am. Assoc. Anat., 1941). 

Some observations of the effects of nitrous oxide upon the electroen- 
cephalogram in man. A. J. Derbyshire, F. J. Murphy (by invitation), 
K. E. Corrigan (by invitation) and L. Lob dell (by invitation). De- 
partment of Anatomy, Wayne University College of Medicine and Harper 
Hospital, Detroit, Mich. 

These, are preliminary experiments in an attempt to evaluate the degree 
of oxygen lack coincident with the administration of various nitrous oxide — 
oxygen mixtures. A correlation between kno-wn anaesthetic mixtures, the 
EEC and subjective reports was made which may be of clinical interest. 

On two abnormal patients mixtures of 50-50 nitrous oxide — oxygen to 
pure nitrous oxide were used, while on eight normal subjects mixtures of 
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50-50 to 95-5 and the con-esponding nitrogen — oxygen mixtures were 
emplo 3 ^ed. Standard EEG technique with multiple monopolar leads was 
appUed. Subjective reports during and after each experiment were 
recorded on phonogi’aph records. 

With increasing percentages of nitrous oxide the follovang changes were 
observed: 1. With mixtures up to 70 nitrous oxide — 30 oxj’^gen the munber 
of alpha w-aves per 30 seconds was decreased, first in the motor area and 
subsequently' in the occipital area. 2. When mixtures of 70 nitrous oxide — 
30 oxygen to 90 nitrous oxide — 10 oxygen were given frequencies of 4 to 8 
per second appeared in most subjects and were dominant in the motor 
areas. 3. With pure nitrous oxide two possible patterns appeared, a. A 
2.5 per second pattern of 150 uV amplitude occurred if the induction was 
rapid, b. If the patient had a three minute induction with a 50-50 to 
70-30 mixture followed by' pure nitrous oxide, an irregular delta pattern 
of about 40 uV was produced. Both patterns (a and 6) started about the 
time that cyanosis of the nail beds appeared. Wide indi\'idual variations 
in EEG patterns were encountered for each gas mixture but so far each 
subject has followed in his particular Avay the above described plan. 

In contrast, mixtures of nitrogen and oxygen given to normal subjects 
produced no change until less than 10 per cent oxygen was used. Normal 
.subjects have been exposed to the veiy low oxy'gen mixtures only' long 
enough to effect an increase in voltage and the ap]3earance of slow, 8 to 4 
per second rhy'thms. 

Reabsorption of the nutritionally essential amino acids by the kidney 

tubules.^ ,1. R. Doty (by invitation) and A, G. Eaton. Departmpxi 

of Physiology, Louisiana State University Sehool of Medicine, Ncio 

Orleans, La. 

A prev'ious reijort (Proc. Soc. Exper. Biol, and Med., in press) has indi- 
cated that the kidney' tubules can reabsorb certain amino acids at a very' 
rapid rate. The present study' was designed to measure the rates of reab- 
sorption of those amino acids generally' considered to l^e essential constitu- 
ents of the diet. This study' would seem to be the first step in the 
investigation of the mechanism of tubular reabsor]3tion of the amino acids, 
as well as an additional step in the attempt to correlate intestinal absorption 
and tubular reabsoi-ption. 

A solution of sodium ferrocy'anidc and tlie amino acid under investiga- 
tion was administered to dogs by intraperitoneal injection. The volunic 
of glomerular filtrate was calculated from the plasma level of ferrocy'anidc 
and the amount of ferrocyanide excreted. The amount of amino acid in 
the glomerular filtrate was then obtained by' determination of its concen- 
tration in the plasma. Analysis of the urine for the period gave by differ- 
ence the amount of the amino acid reabsorbed. The rates of reabsorption 
will, of course, be higher than indicated if there is any' marked “tubular 
excretion” of amino acids. It seems unlikely, however, that tubular 
excretion is significant at the jilasma concentrations attained in these 
experiments. 

Several of the widely used protein precipitants were found to be unsuit- 
able for the preparation of the protein free plasma filtrates employ'cd in this 

‘ Aided by a grant from the Committee on Scientific Research of the American 
M‘'dical Association, 
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work. The use of a freshly prepared solution of trichloracetic acid gave 
best results on recovery trials. The amino acid content of the plasma was 
determined by the manometric method of Van Slyke as well as by certain 
colorimetric methods in individual instances. 

The results indicate a considerable variation in the abilit}’- of the tubules 
to reabsorb diffei'ent amino acids. 

An analysis, by hydraulic models, of the factors operating to produce the 
typical ballistocardiogram. Philip Dow and W. F. Hamilton. De- 
partment of Physiology and Pharmacology, University of Georgia School 
of Medicine, Augusta. 

An attempt has been made to evaluate the many factors which operate 
to produce the characteristic sequence of recoils responsible for the bal- 
listocardiogram. Hydraulic models have been designed to simulate the 
cardiac recoil, the aortic recoil, and the oscillations m the aorta associated 
mth its standing waves. The behavior of the forces in these models has 
been recorded on the vertical ballistocardiograph described in a companion 
report. 

In all experiments water was forced from a bottle through a large opening 
by inflation with air of a cloth-enclosed rubber bag in the bottle. The 
rate and extent of inflation were reproducibly controlled by a stopcock, by a 
graded series of side chambers in the air line, and bj’^ the level of the air 
pressure. 

The recoil of a simple jet is a monophasic curve which becomes diphasic 
at the very end of ejection onlj’- if the rigid outlet tube is lengthened. If 
the ejection is made into a vertical “aorta” of rubber tubing, the ballisto- 
gram becomes oscillatory, in tune with the standing waves in the tube. If 
this “aorta” is now arched, the frequenc}'- of the ballistogram waves is 
doubled, vith an asj’rnmetry which depends upon the relative lengths of 
the two arms of the arch. 

The form and magnitude of the ballistograpliic waves have been checked 
against simultaneous^ recorded pulses from various parts of the rubber 
aorta. The}'^ have also been compared with the total output, the rate of 
ejection, and the initial acceleration as recorded bj’’ a sensitive tambour 
from a tight jar containing the whole model. The form and frequency of 
the waves seem to be definitely associated vdth the fundamental and first 
octave standing waves in the aorta of the model. The size of the initial 
deflection depends not at all upon the total stroke output, but rather upon 
the acceleration, or the rate at which the velocity of ejection is built up. 

Grateful acknowledgment for aid in this research is made to the .Josiah 
Macy, Jr. Foundation. 

Lipocaic and ketonemia in pancreatic diabetes. Lester R. Dragstedt, 
Dwight E. Clark (by invitation), Ormand C. Julian (b}^ invitation), 
J. Garrott Allen (by invitation) and Cornelius W. Vermeulen 
( by invitation). Department of Surgery, The University of Chicago, 
Chicago, III. 

The relation of lipocaic to fat metabolism is indicated by the occurrence 
of marked hypolipemia and severe fatty infiltration of the liver in depan- 
creatized dogs with lipocaic deficiency. The administration of lipocaic to 
such animals elevates the blood lipids to normal and clears the liver of fat. 
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The accompanying marked increase in glucose excretion and insulin require- 
ment suggests that under the influence of lipocaic, fat in the liver may be 
converted into glucose. The present study was devised to determine the 
relation, if anjq between lipocaic and ketogenesis. The concentration of 
ketone bodies in the blood of depancreatized dogs was determined under 
the following conditions: a, depancreatized dogs adequatel}’’ controlled 
with both insulin and lipocaic ; 6, depancreatized dogs receiving adequate 
insulin but no hpocaic; c, depancreatized dogs receiving adequate lipocaic 
but inadequate insulin therapy; d, depancreatized dogs with fatty Hver of 
lipocaic deficiencj' adequatelj’- controlled with insulin and then given 
curative doses of hpocaic. 

In these various conditions, abnormal elevation of the blood ketones 
occurred only with inadequate administration of insulin, and no relation 
to hpocaic deficiency or overdosage was observed. 

Further studies on the origin of glycoside emesis. Melvin Dresbach. 

Harrison Department of Surgical Research and the Department of Physiol- 
ogy, School of Medicine, University of Pennsylvania, Philadelphia. 

(Read by title.) 

Recent studies directed to explain the mechanism of glycoside emesis 
made it increasingly obvious that further attempts to solve the problem 
by obsen’-ing the actions of glycosides after denervation operations con- 
fined to the heart, or other individual idscera, would fail, as they have in the 
past (Am. J. Physiol. 126: 480, 1939). The follomng operations were 
therefore performed, in separate stages, in the order designated: 1, dividing 
the spinal dorsal roots from C3 to Ce inclusive; 2, transection of the spinal 
cord at lever Ti or T2, with division of the remaining dorsal roots up to Cg; 
3, mid-cervical, bilateral vago-sjmpathetic block by anesthesia, and later 
bj' surgical division. Eight dogs have been used thus far, four dying of 
complications before the third operation. Of the remaining four, one 
survived the cord transection and rhizotomy, carried upward to C7 m- 
clusive, and right, intra-thoracic vagotomy but lived only ten hours after 
mid-cervical left vagotomy. Two survived cord transection, rhizotomy to 
C7 inclusive and bilateral vagal block (novocaine, 2 per cent; nupercaine, 
1:200). The fourth witlistood rhizotomy from C3 to Cg, cord transection 
and division of doisal roots remaining above; finally nupercaine block of the 
vagi and later double vagotomiq thus interrupting all known afferent 
ner\'e paths from the trunk. One cat was also operated, the rhizotomy 
going only to C7 inclusive. Nausea and vomiting reactions (diaphragm 
contractions) were produced hy strophanthidin in the first three dogs in 
this group and bj' one or more glycosides in two of them, after the final 
operation and within a month of the initial one. The fourth dog, vith the 
most extensive denervation, reacted typically to strophanthidin, lanatosids, 
A, B and C, and apomoi-phine, within the one-month time limit arbitrarily 
set. Moreover, a significant increase in dosage in order to get emetic 
response.s postoperative^' was unnecessary. Positive results were likewise 
obtained in the single cat. It is plain that glycoside emetic responses 
can be induced in the dog (and doubtless the cat) independently of afferent 
innervation of all stmetures below the neck. The study continues. 

Effects of hexylresorcinol and other agents on the absorption of sugars, 

chloride and sulfate from the alimentary tract. Robert L. Driver 
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(introduced by J. R. Murlin). Department of Vital Economics, Uni- 
versity of Rochester, Rochester, N. Y. and the Department of Anatomy and 
Physiology, University of Kentucky, Lexington. 

The absorption of sugar falls off with time as determined by the Cori 
technique, but it is doubtful if this method comes close enough to a normal 
physiological condition either to assume or to preclude a special mechanism 
for the absorption of sugars. Neither the lowering of surface tension nor 
the removal of calcium ions affect absorption, but in most cases absorption 
is decreased when the saccharide-splitting enzymes are inhibited. The 
inhibition of these enzymes can be effected by organic molecules conta inin g 
specific hydrophobic and hydrophilic groups. 

Chloride, in the presence of a pol3rvalent anion, leaves the gut against a 
considerable concentration gradient, but the data obtained refute an}”- 
theory of differential permeabilit3’- which is based essentially on diffusion. 
The action of hexylresorcinol strongly indicates that a special biological 
agent is responsible for the absorption of electrol3des as well as for other 
substances. It is suggested that this mechanism, as far as chloride is con- 
cerned, is at least partly mediated by carbonic anhydrase siuce hexykesor- 
cinol inhibits both the action of the enzyme and the absorption of chloride. 

The effect of exercise on ketone body metabolism. D. R. Drury and A. 
N. Wick (by inidtation). Department of Physiology, School of Medicine, 
University of Southern California, Los Angeles, and the Scripps Metabolic 
Clinic, La Jolla, Calif. 

Changes in ketone body concentration in the blood, and in output in the 
urine as a result of exercise were followed in the human subject. Ketosis 
was produced by having him take a constant ketogenic diet for several da3^s. 
Urine excreted during the night (period of rest) always contained much 
more ketone bodies than that of the day (period of activity) except that 
when the subject remained in bed all day the output of the two periods 
became equal. When the activit3^ of the da3’^ time period was increased b3'^ 
added exercise the urine output at this time became less, but the night 
period that followed this tended to increase above ordinaiy night periods. 

The blood ketone bod3'- concentration became definite^’’ lower as a result 
of a twenty minute period of moderate mnning but in the rest period fol- 
lowing, its concentration came back to the pre-exercise level within an 
hour. After three hours of exercise the blood ketone concentration was 
not diminished. 

These findings support the view that ketone bodies arc used as source of 
energy in muscle activit3’^ and that the production of these substances b3’' 
the liver is increased by exercise. 

Studies on the electrocardiogram of the horse. H. H. Dukes and H. T. 
Batt (by invitation). Department of Physiology, New York State 
Veterinary College, Cornell University, Ithaca, N. Y. 

We have made numerous electrocardiograms on horses by means of the 
string galvanometer. Most of the animals were patients in the large- 
animal clinic of this College, but man3>' of them showed no evidence of heart 
disorder. In the earlier work leads from the pectoral (L.A.), dorsal (R.A.), 
and sternal (L.L.) regions were used but later limb leads were adopted. 
With limb leads the P waves ma3’^ be upward, inverted, diphasic, notched 
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or double. The R deflection is usually upward. The T wave is usually 
diphasic, but upward and inverted T waves are common. 

In 17 records of lead II (mostly limb leads, a few chest leads) the fol- 
lowing average intervals and ranges of variation were noted: P-R, 0.30 
sec. (0.20-0.42 sec.); QRS, 0.12 sec. (0.08-0.17 sec.); QRS-T, 0.54 sec. 
(0.46-0.62 sec.). 

Among the disturbances in rate or rhythm that we have observed in 
horses are the follovung; sinus arrh 3 d;hmia, ventricular premature beats, 
various stages of heart-block (partial heart-block is not uncommon in the 
horse — ^Roos), atrial fibrillation under chloroform anesthesia, and naturally 
occurring atrial flutter and fibrillation (atrial fibrillation in the horse is 
not rare — Roos). Records illustrating some of these conditions will be 
shovm. 

Measurement of total cerebral blood jflow in the monkey (Macacus rhesus). 

P. R. Dumke (by invitation) and C. F. Schmidt. Laboratory of Phar- 
macology, University of Pennsylvania, Philadelphia. 

The animals are anesthetized with nembutal, the basilar and external 
carotid arteries are ligated, heparin is injected intravenously at frequent 
intervals, and the volume of blood flowing through both internal carotids 
is measured by timing the interval required for an injected ah- bubble (later 
removed by a suitable trap) to traverse a measured distance in a glass tube 
intei-posed between the cardiac and cephalic ends of the carotids. Control 
observations indicate the method to be accurate over the range of flows 
here encountered. Terminal inj ection experiments show that the measured 
blood did not escape to any extracranial tissue and that only insignificant 
amounts of blood could have reached the brain by other charmels. In 14 
experiments so far performed the volume of blood flow at the start (under 
“nor-mal" conditions) ranged from 0.36 to 0.77 cc. per gram of brain (above 
the basilar ligature) per minute and the highest flow encountered was l.H 
cc./ gram/ min. (during severe anoxemia). Spontaneous decreases in flow, 
progressing even to the point at which symptoms of acute cerebral anemia 
were elicited, were occasionally seen; these could be remedied (usually 
pennanently) by aminophyllin. Cervical sj’^mpathetic stimulation had 
no significant effect on flow. Adrenalin injected into the carotid blood 
regularly caused marked reduction in cerebral blood flow. Ergotamine 
and benzedrine had similar though less intense effects. Caffeine, hista- 
mine, and nitrites increased the flow, but aminophyllin was the most 
effective of this grouj). Oxygen inhalation usually caused a slight and 
probably insignificant decrease in the flow; anoxemia caused a marked 
increase in experiments in which it was well tolerated. CO 2 inhalation 
usually caused some increase in flow but the effect was not nearly as great 
as might be expected from observ^ations made on other species. Metrazol 
caused a pure increase in flow even when given in amounts sufficient to 
cause Wolent commlsions. Further experiments arc being made. 

The utilization of the low'er fatty acids by normal and eviscerated animals. 

.1. A. Dye and Rogeh W. Mausteks (by invitation). Department of 

Physiology, Cornell University, Ithaca, N~ 1'. 

The sodium salts of acetic, butyric, caproio, caprylie and capric acids 
were injected intravenously into normal and abdominally eviscerated dogs. 
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All animals were fasted, nembutalized and bilaterally nephrectomized. 
Blood samples were taken immediately before and at half-hour intervals 
after the injections. Blood fatty acid determinations were made using a 
modified Friedemann method (J. Biol. Chem. 123: 161, 1938), total acetone 
bodies were detennined by Ravin’s method (J. Biol. Chem. 116 : 511, 1936). 
Before titrating the blood filtrate distillates for fatt 3 '’ acids, the solutions 
were aerated with carbon dioxide-free air for five minutes to free them of 
carbonic acid. Recovery values from blood were 94 per cent for acetic 
acid and 98-100 per cent for each of the others. 

Control blood samples gave from 0 to 7 mgm. per cent of volatile fatty 
acids. Non-injected control animals maintained constant volatile fatty 
acid titration values and extremely low fasting blood acetone body concen- 
trations. With the liver intact, each of the fatty acids studied is utilized 
rapidly and complete^. In each case also acetone bodies were produced 
though in small quantities in the case of acetic acid. The utilization values 
for eviscerated preparations were approximate^ 60, 42, 42, 47 and 20 per 
cent for acetic, but 3 nic, caproic, caprylic, and capric acids respectively as 
compared mth those for normal animals. In the absence of the liver, 
however, there was no demonstrable production of acetone bodies in any 
case. Preliminary experiments with acetic acid show that the metabolism, 
as measured by the oxygen consumption, is increased 100 per cent or more 
by injections of this acid. The energy metabolism of fatty acids is being 
studied further. 

The effect of ergotamine on the glucose tolerance curve. G. S. Eadie, 
A. M. Hughes (by invitation) and Dorothy Webster-Martin (by 
invitation). Department of Physiology and Pharmacology, Duke Uni- 
versity School of Medicine, Durham, N. C. (Read by title.) 

The inhibitory action of ergotamine on alimentar 3 ’’ hyperglycemia has 
been explained in various wa 3 '^s. Poliak (Naunyn-Schmiedebergs Arch. 
140: 1, 1929) based his theory partly on the finding that the extent of 
absorption of glucose from tied-off intestinal loops was not affected by 
ergotamine in anesthetized rabbits, and postulated an action of the drug 
on the liver. On repeating these experiments using pentobarbital anes- 
thesia we found that while we could confirm the absence of an effect on 
absorption, we could not obtain the typical effect on the blood sugar owing 
to the antagonistic effect of barbiturates on ergotamine. Turning to 
unanesthetized animals we introduced the sugar by stomach tube and were 
able to show that the height of the blood sugar curve was closely related 
to the amount of glucose disappearing from the stomach as determined by 
killing the animal and estimating the glucose content of the stomach (the 
rest of the tract contained only traces of glucose) . The effect of ergotamine 
therefore is to delay the emptying of the stomach. Since the effect on the 
blood sugar is also present when the glucose solution is placed directly in 
the duodenum (the end of the tube was shown by X-rays to be there) it is 
probable that the motility of the duodenum and upper part of the intestine 
is also of importance. 

Relation of the conditioned and conditioning mechanisms. William 
Eg CHER (by invitation) and E. A. Culler. University of Rochester, 
Rochester, N. Y. (Read by title.) 



P268 


AMERICAN PHTSIOEOGICAL SOCIETY 


It is well known that a conditioned response (CR), when not reiinforced, 
tends to extioguish; but the present report shows that the same CR which 
tends to extinguish when kept in the secondary (conditioned) role, tends to 
persist unimpaired when given the primaiy (con(htioning) role. A number 
of cats were trained to step forward ivith the right hindleg in reply to a bell, 
failure to respond beiug punished by shock-to-paw. iiter 100 per cent 
conditioning had been reached (25 CR in a work-period of 25 trials), the 
animals were divided into three groups. In group I the bell was presented 
alone, the paw-shock being discontinued. In group II the training-pro- 
cedure was continued; that is, the animal was shocked upon failure to react 
to bell. With group III the shock was discontinued, and the CR to bell 
was now used for conditioning the animal to a pre\dously neutral stimulus 
(800-cycle tone). 

Results may be summarized as follows. 1. As would be expected from 
earlier work, omission of the reinforcing shock leads to gradual, and eventu- 
ally total, extinction of the CR to bell alone. 2. In group II, the CR to bell 
is maintained by use of paw-shock, as needed, but does not reach 100 per 
cent; it commonl}’- ranges between 93 to 95 per cent. 3. In group III, 
where the CR to bell is used for conditioning the animal to react to the 
tone, the bell-response not only fails to extinguish as in group I but even 
maintains a higher mean level (about 98 per cent) than in group II. 4. 
As is usual in first-order conditioning, the CR to bell is rather deliberate, 
occurring just prior to the oncoming shock; but when used to reinforce the 
tonal response, the bell-CR becomes more brisk and vigorous. The cat 
seems to “fear” the bell more than the shock. 

From the above it would appear that the conditioning stimulus-response 
is itself reinforced by the presence of the stimulus-response which is being 
conditioned. Each reinforces the other. 

Measurements of mean blood flow by a rotameter.^ R. W. Eckstein (by 

invitation), D. E. Gregg, A. Rotta (by invitation) and J. T. Wearn. 

Department of Medicine, Western Reserve University, Cleveland, 0. 

This instmment, used commercially to meter fluiefs and gases, has been 
adapted to measure mean blood flow in various body regions of the anesthe- 
tized dog. Possible effects on the accuracy of the rotameter induced by 
variations in stroke volume, heart rate, pattern of the flow cun’^e (deter- 
mined by the orifice plate meter, Gregg and Green, Am. J. Physiol. 130: 
114, 1940) together irith alterations in viscosity and temperature of the 
blood have been tested in anesthetized dogs and a pump system. 

Calibration in a schema under rigidly controlled conditions show.s an 
error of about 5 per cent. 

When the rotameter reading is kept constant and large changes in lieart 
rate, stroke volume, and pattern of the flow curve are induced, the flow 
deliverj' is unchanged even when the flow curve is altered from a carotid 
or right coronary pattern with a high systolic and gradually declining 
diastolic flow, to a femoral artery pattern with a high systolic and low or 
zero diastolic or to a left coronaiy arterial pattern noth a systolic back 
flow and high diastolic flow. 

Marked differences in viscosity, temperature and specific gravity occur 
in different experiments and grossl}* affect the sensitivity of tlie rotameter. 

' Auied by crant from tho Commonwealth Fund. 
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However, in any one experiment these variables can be rigidly controlled 
and either show minimal or no shifts and hence readings of the rotameter 
can be accurately transposed into flow values. 

In actual use the rotameter can be calibrated during or at the close of an 
experiment 1, by comparing a series of float readings with blood flow 
directly measured in a graduate; 2, at a known temperature and viscosity 
flow can be read dh-ectly from a nomogram constructed from calibration 
curves obtained in different experiments in which wide ranges of these 
effective variables were induced by different tjpes of anesthesia, anti- 
coagulants and operative procedure. 

The state of sensory and motor centers in patients with circulatory insuflS.- 
ciency and in patients with hypothyroidism. Norbert Enzer, Ernst 
Simonson and Samuel S. Blankstein (introduced by A. H. Steinhaus). 
Mount Sinai Hospital, Milwaukee, Wis. 

The fusion frequency of flicker was measured under standard conditions 
of intensity of illumination, size of area illuminated etc., in 47 normal 
subjects, 22 patients with circulatory insufficiencj’' from valvular lesions 
and hjqiertension, and 13 patients with hypothjuoidism. The values of 
both groups of patients were considerabty less than the normal values; 
there was practically no overlapping of normal and pathological values. 
The decrease of the values in cardiac patients reflected the degree of 
decompensation. In the patients with hj’^poth3a-oidism the fusion fre- 
quency was not indicative of the decrease of the metabolic rate. The 
maximum frequency of motor impulses measured bj'- means of the maximum 
frequency of finger movements was also reduced in patients with ch’culatory 
insufficiency, in general the decrease was parallel to the gravity of decom- 
pensation symptoms. The fatigability of motor centers was increased 
as demonstrated by the greater drop of the motor frequency dm'ing the 
performance. The shape of frequency fatigue curves is often altered in 
such patients. Similar results have been obtained in the patients with 
hypothyroidism. The results explain the disposition of patients with 
circulatory insufficiencj'- and Avith hjqjothyroidism to increased fatigability. 
In cardiac patients the principle reason for the deterioration of the state 
of sensory and motor centers is assumed to be the lack of oxygen in the 
central nervous system, in the patients with hypothju’oidism the decrease 
of the metabolism of nerve tissue. 

*• , 

Modification of R in chest leads following acute and chronic muscle bundle 
lesions. Irving L. Ershler (by invitation), Sidney Stringer (by 
invitation) and Jane Sands Robb. Department of Pharmacology, 
College of Medicine, Syracuse University, Syracuse, N. Y. 

Twelve dogs have been anesthetized mth sodium pentobarbital, operated 
aseptically, a coronary branch supplying one ventricular muscle band 
ligated, and the animal allowed to recover. Electrocardiograms were 
taken before and at hourly, daily, weekly or monthly intervals after opera- 
tion. The surviving animals were sacrificed at 8 months and the scars 
dissected for muscle bundle localization. In the three standard leads the 
changes previously reported by one of us as characteristic of isolated muscle 
bundle lesions were again obtained for each of four ventricular muscles 
respectively. Leads 4R, 4F and lead 2 were also recorded simultaneously. 
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Where the infarct involved the deep bulbospiral, the anterior left head of 
the deep sinospiral or the superficial bulbospiral, R of 4F was lost promptly 
and did not return within the eight months. On the contrary, antero- 
lateral lesions of the right ventricle and those in the anterior papillary 
muscle of the left ventricle, showed only a small reduction in the R wave in 
lead 4F in dogs. In no instance did the R of lead 4R disappear. S-T 
displacements in all leads and the development of negative T waves were 
common. 

It was again observed that infarcts of the deep bulbospiral muscle were 
associated with 100 per cent mortality; no animal survived over 6 hours 
even though kept on artificial respiration with 95 per cent O 2 and 5 per 
cent CO 2 . Animals vuth deep sinosphal lesions were ver}'^ iU but did 
survive, one was among those sacrificed, another died of pulmonary em- 
bolism 6 weeks after operation following exercise. Animals with lesions 
in the superficial muscles were crippled veiy httle, if at all, after the imme- 
diate effect of anesthesia passed. 

In conclusion, muscle bundle localization is again observed and it is 
noted that the R of lead 4F remains positive in the presence of proven 
infarcts involving the anterior papillary muscle and the lateral wall of the 
right ventricle (deep sinospiral) but disappears after certain left sided lesions. 

The effect of atropine on the coronary blood flow of trained dogs with 
denervated and partially denervated hearts. Hiram E. Essex, J. F. 
Herrick, F. C. Mann and E. J. Baldes. Divisions of Experimental 
Medicine and of Biophysics, The Mayo Foundation, Rochester, Minn. 
In a previous studj’’ (Am. Heart J. 19: 554, 1940) it was shown that in- 
jections of atropine caused marked, prolonged increases in coronary blood 
flow and heart rate in trained dogs vith innervated hearts. In the present 
study the response of the coronary flow and heart rate to atropine (0.1 
mgm. per kilo) has been observed in dogs after the following operative 
procedures: 1, removal of both S3'^mpathetic chains of ganglia from the 8th 
or 9th intercostal space anteriorlj’- including the stellate ganglion; 2, double 
vagotomj'^ in the neck, and 3, procedures 1 and 2. The operations were 
done under general anesthesia employing sterile technic. The thermo- 
stromuhr units were applied to the circumflex branch of the left coronaiy 
artery at varjdng intervals of time follondng the operative procedures 
indicated under 1, 2 and 3. Twenty-four to forty-eight hours after appli- 
cation of the unit observations were begun. In the absence of the sj^pa- 
thetic chains as in no. 1, atropiue caused an increase of 25 to 60 per cent in 
coronary flow and an increase in pulse rate of a similar magnitude. Atro- 
pine was without effect on the coronary blood flow and heart rate of vagot- 
omized animals or animals with denervated hearts. Since the blood 
pressure is not significant^ altered by injections of atropine the increased 
coronaia^ blood flow is not owing to an .augmented blood pressure. 

Biological assays — a teaching film. Harold N. Ets, .John Vaichulis 
(bi" invitation) and John Maurer (by invitation). Loyola University 
School of Medicine, Chicago, III. (Motion picture demonstration.) 

The film shows the a.ssa\' of ergot and of digitalis bj'’ the methods given 
in the U. S. P. XT. 
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The mechanism of shock in intestinal strangulation. Everett Idris 
Evans.^ Surgical Research Laboratories of the Harvard Medical School 
at the Massachusetts General Hospital, Boston. 

Shock has been produced by strangulation of a short loop of terminal 
ileum in the dog under Evipal anesthesia. Plasma volumes have been 
determined bj’- the Gregersen dj^e method which has been found adequate 
and reliable for these shock studies. After 12-14 hours there has occurred 
a decrease in plasma volume of approximately 35 per cent and these animals 
are in varjdng degrees of shock, with hemoconcentration, rapid pulse and 
low blood pressure. 

When the fluid free in the peritoneal cavity is examined, it is found to 
resemble closelj’’ blood plasma. ‘i\Tien measured, it is found in amounts 
large enough to account for the decrease in circulating plasma. There was 
no evidence found to suggest loss of plasma at sites remote from the point 
of injury. The free peritoneal fluid of these shock animals does not appear 
to be toxic when given intravenously to a normal dog. 

Hence, it is suggested that in intestinal strangulation, as in shock pro- 
duced by trauma (Blalock, Phemister), plasma loss is local, and is the 
initiating factor in the fall in blood volume and blood pressure in this t 3 'pe 
of shock. 

Effects of changes in metabolic conditions on the radiosensitivity of new- 
born rats. Titus Evans, James Goodrich and Joseph Slaughte;r. 
(introduced b}’- J. H. Bodine). Departments of Zoology and Radiology, 
State University of Iowa, Iowa City. 

New-born rats were irradiated with dosages of 300 to 3000 roentgens and 
the effects noted on the skin (histologically) two weeks later. It was found 
that animals irradiated at temperatures of 0-10 degrees C. were much 
more resistant to the radiation than those at room temperature. It was 
also found that at 30 and 35 degrees C. the injurj*^ produced was greater 
than that at 25 degrees C. 

The effect of the temperature changes ajjpear to be due (at least in part) 
to alterations produced in metabolic conditions. This conclusion is based 
on experiments in which the resistance was increased bj'’ preventing 
breatiung duiing the irradiation. It was also found that legs and tails 
were more resistant if a ligature was applied during the roentgen treatment. 

Desoxycorticosterone : A, its loss in the digestive tract, B, effect on water 
intoxication. W. J. Eversole (by invitation) and Robert Gaunt. 
Department of Biology, Washington Square College of Arts and Science, 
New York University, New York City. (Read b^' title.) 

A. We confirmed the fact (Kiuzenga et at., and others) that desoxj'-cor- 
ticosterone acetate in oil (DCA), given in a single daity dose by gavage, is 
ineffective in maintaining life in young adrenalectomized rats in doses 
(0.5 mgm./day) more than 10 X those needed subcutaneous^. Others 
have shovTi that such a unde discrepancy between oral and parenteral 
dosage does not exist for cortin and other crystalline cortical steroids. 
This suggested that DCA, like the chemicall^’^ allied sex hormones, might 

‘ Rockefeller Foundation Fellow in Surgery. Assistant in Surgery, Medical 
College of Virginia, Richmond. 
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be inactivated in the liver. This was tested by implanting pellets of DCA 
(mixed with cholesterol) in the spleens of young adrenalectomized rats — 
in which site gonad hormones are inactivated due to their immediate 
hepatic portal drainage. Controls received similar pellets in the kidney, 
subcutaneously and intraperitoneally. The pellets were of such size as 
barely to afford life maintenance in most but not all animals, so there was 
no excess of hormone involved. There was no significant difference in 
growth and survival between animals with pellets implanted in the spleen 
and their various controls. This indicates that the tissues of the liver and 
spleen do not inactivate DCA; and that, when given orally, it must be 
destro 3 ’’ed in the gut, since it is not detectable in the feces (Kiuzenga et al.). 

B. Adrenalectomized animals are sensitive to the intoxicating effects of 
excess water, and can be protected by cortin. Svdngle et al. have recentlj’^ 
shown that thej^ can also be protected bj’- DCA. We confirmed this 
observation in rats, but found in addition that compared to cortin, DCA 
is less than one-fifth as effective in proteeting against water intoidcation, 
as it is in the maintenance of life and growth. A concentrated cortin-in-oil 
was used (1 cc. = 200 grams fresh gland). In life and growth mainte- 
nance 1 mgm. DCA was slightlj’’ more effective than 1 cc. cortin, (Actual 
m. e. d’s. for 50 grams adrenalectomized rats; 0.05 cc. cortin and slightly 
less than 0.05 mgm. DCA.) In protecting against excess w^ater, 5 mgm. 
DCA was closely equivalent or slightl 3 '^ inferior to 1 cc. cortin. (Actual 
m. e. d.’s approximated 0.2 cc, cortin and 1 mgm. DCA.) 

The relation of injury potentials in heart muscle to other electrical and to 

mechanical events.^ J. A. E. Eyster and Harold Goldberg (by 

invitation). Department of Physiology, University of Wisconsin, 

Madison. 

The injuiy actmt 3 ’’ potential (iap), recorded by means of the suction 
electrode applied to the ventricular surface, starts before the onset of the 
initial slow rise of intraventricular pressure in both the dog and turtle. 
The maximum of the iap occurs during the period of initial sIoav rise of 
pressure or shortl 3 '' after this period ends. 

A suction electrode, modified to serve also as a differential electrode has 
been used to compare the differential potential time cuive from a region, 
before injuiy was produced and an iniur 3 ’^ potential time can've from the 
same rcpon immediateb^ after injur 3 ’^ was produced by suction. Records 
taken with this electrode .show that the main ]3eak of the differential 
potential time curve taken before injur 3 ' coincides in time with the maxi- 
mum gradient of the iap after injuiy. This instant is at or near the time 
when the iap is changing from a negative to a positive potential value •with 
re.spect to the potential of uninjured inactive muscle. 

In the ventricle of the turtle, the iap develops fulb' vnthin one cardiac 
cycle following the application of suction to a local surface region. If the 
suction is applied during diastole, the first change is in the negative direc- 
tion and the injurA' resting potential (irp) develops rapidly to its full 3 'alue. 
If the suction is applied during ventricular s 3 'stole, the first change is in 
the positive direction and the iaj) develops rapidh'. The magnitude of the 
iap in this c 3 'cle i.s greatest if the .suction is applied early in systole and 
decreases in magnitude as the onset of suction occins progressively later 
in the .sy.stolic period. 


‘ Supported in pnri t>y u grant trom the NYisconsin Alumni Research Foundation. 
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The influence of variations in environmental temperature and of fever on 
the vago-insulin and S3rmpathetico-adrenal systems. J, Feldman 
(by in\dtation) and E, Gellhorn. Department of Physiology, College 
of Medicine, University of Illinois, Chicago.'^ 

Nomial (A), adi*eno-demedullated (B), and adreno-demedullated- 
vagotomized (C) rats were exposed to cold and heat and the effect of these 
procedures on the vago-insulin (V.I.) and sympathetico-adrenal (S.A.) 
S3^stems was studied. It was found that cold causes hyperglj’-cemia in A, 
h3'pogl3^cemia in B, and no cliange in blood sugar in C. Heat produces 
in A and B, a hypoglycemia Avhich is however greatly delayed in A; during 
this time the blood sugar rises slightl3L No significant change in blood 
sugar occurs in C. In group (D) [vagotomized rats wdth normal adrenals], 
heat causes h3Tjergl3’-cemia. The experiments show that heat and cold 
cause an excitation of both V.I. and S.A. s3’’stems, the former reacting 
predominantl3’' to high, the latter largety to low emdronmental temperature. 

T3qDhoid para-t3TDhoid vaccine (Abbott 0.07 cc./kgm. subcut.) produces 
h3^pergl3"cemia in A, h3Tiogl3’’cemia in B, and no significant change in blood 
sugar in C. Group D reacts vith a more prolonged h 3 T 3 ergl 3 ’-cemia than A 
due to the ehmination of the vago-insulin effects. Apparentl3’^ foreign 
protein act on the centers of the V.I. and S.A. s3’’stems vfith a predominance 
on the latter in the normal animal. It is noteworth3’^ that the stud3'^ of the 
body temperature gives further evidence of the excitement of the para- 
S3unpathetic and S3"mpathetic systems. The temperature rises in group A 
and D, and in the latter the rise is prolonged. A fall in temperature occurs 
in group B, no change in group C. It is assumed that the changes in 
temperature are due to the liberation of adrenalin in A and D and to insuhn 
in B. 

The action of propylcephaeline disulfamate on the blood cells. Nello M. 
Felicelli (b3’' invitation) and Harold N. Ets. Loyola University 
Scliool of Medicine, Chicago, III. (Read by title.) 

Propylcephaeline disulfamate was injected intramuscularly into white 
mice in doses of 0.009 mgm. per gi-am of mouse on three alternate da3^s. 
Blood was obtained from the tail at the time of making the injections and 
standard procedures were used in making blood counts. 

There was a tendenc3" for a decrease in the number of red blood cells 
foUomng injections, but the total number of white cells showed a veiy 
marked decrease. The differential count revealed that the pol3^morphdhu- 
clear leucoc3’-tes suffered the greatest loss, but there was a tendenc3’^ for the 
immature neutrophiles to increase. 

The lymphoid cells showed ah increase and there Avas an increase in the 
number of immature b'^mphoid cells. 

The physical s3Tnptoms noted Avere; a decrease in bod3' AA^eight after 
each injection; edema of the conjunctiva associated AAuth a discharge; and a 
cyanosis, as eAudenced b 3 ’’ a faster resphation, color of the mucous mem- 
branes, and the color of the blood after it Avas draA\m. 

We are indebted to Dr. Bertha Van Hoosen for the prop3dcephaeUne 
disulfamate used in this AAmrk, and to Dr. Paul G. Schmitt for checking 
some of the differential counts. 

t Aided by a grant from tbe John and Mary R. Markle Foundation and W.P.A. 
Project 30278. 
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Heparin and natural antiprothrombins in relation to prothrombin assay. 

John H. Ferguson and Anthony J. Glazko (by invitation). Depart- 

ment of Pharmacology, University of Michigan, Ann Arbor. 

Clotting-times can be true measures of thrombin (and prothrombin) only 
when the standardized test conditions include complete control of all 
inhibitory mechanisms. An assay technique is presented to show that 
prothrombin preparations give an excess jdeld of thrombin on dilution. 
P’-ogressive and immediate antithrombins are ruled out and the excess of 
thromboplastin ensures that it is not a variable. The explanation is in the 
effect of dilution on the action of a naturally-occurring aniiprothromhin. 
Heparin is an antiprothrombin in the first phase of coagulation and this 
action consists of 1, sloAving the rate of thrombin formation (probably due 
to inhibition of thromboplastic enz3'^me), and 2, lessening of amount (effec- 
tiveness) of thrombin formed (due to phj^sico-chemical changes of 
prothrombin [protein] itself). Although not requiring a co-factor in the 
sj^stems used, these heparin effects are greatl}’’ enhanced by an “albumin” 
preparation in amounts which show httle proantithrombic (second phase) 
action. Notwithstanding the difficulties of diluting out the antipro- 
thrombic action of the natural factor and of added heparin, it is shown to 
be possible quantitativelj’- to “recover” prothrombin mixed with very 
dilute, defibrinated, blood plasma. 

Experiments on the water balance of the dolphin. E. S. Fetcher, Jr. 

(introduced bj’- M. B. Visscher). Department of Physiology, University 

of Minnesota, Minneapolis. 

Experiments to discover possible special mechanisms of water regulation 
were carried out on two unanesthetized Tnrsiops truncatus. The dolphins 
were placed in a trough under nmning showers. Control samples of blood, 
urine, feces, and saliva were taken. Two liters of 0.55 M sodium chloride 
were given by mouth; this amount and concentration is comparable to a 
meal of marine invertebrates, including metabolic water. The excreta 
were collected for several hours, analyzed for chloride and the volumes 
measured. The two experiments checked well. The following conclusions 
are possible; 

1. Serum chloride was very constant: the maximum difference Avas 9 
per cent before and after ingestion of the salt solution. 

2. The kidnej' can secrete a high concentration of chloride, 0.57 M in one 
exiieriment, but probabh’- for short periods onl^’, and not normally (Fetcher, 
Quart. Rev. Biol. 14: 451, 1939). 

3. The saliva plaj'ed no significant role in Avater regulation. 

4. Feces had e.ssentiallj’’ the same chloride concentration as the blood. 
Consecjuentlj'^ if a hj-^pertonic solution is ingested, sodium chloride is 
selectiA’cly absorbed bj’’ the intestine (as Arith other mammals) a process 
detrimental to the Avater regulation. 

5. Largely because of Avater loss from the intestine total salt excretion 
Avas relativch' Ioaa'. Thus, at 500 minutes 81 per cent of the Avater had 
been excreted and onlj-^ 53 per cent of the salt, leaAung in effect a 1 .52 M 
solution of the salt to be excreted. 

G. The cxTierimental animals had not reached a normal state at the end 
of the experiments, unlc.ss Avatcr AA'as absorbed through the skin, and it 
and salt aa-ci c not excreted ; such absorption is unlikel.v because of the stnic- 



PROCEEDINGS 


P275 


ture of the skin. Selective absorption of water in the buccal cavity would 
pro\dde a source of water unavailable to the animals in these experiments. 

Action of potassium and strophanthin on the stomach of the turtle. Dor- 
othy Fetter (introduced by F. H. Pike). Department of Industrial 
Eygiene, Delamar Institute of Public Health, Columbia University, New 
York City. (Read b}’’ title.) 

The slider terrapin Avas used. The spinal cord was cut and the plastron 
removed. A small rubber tube was tied in the oesophagus. 

Generallj", no movements were observable in the stomach, but strong 
constriction of the pylonis or of circular muscles lower down in the intestine 
were frequently present. A nematode, Camallanus trispinosus Leidy 1851, 
and an acanthocephalid, Neoechinorhynchus Leidy 1851, Avere present in 
such animals. (Identification bj’’ Dr. James Culbertson and Prof. L. J. 
Thomas.) The Ib'er AA’as usually j^elloufish instead of red in infested 
animals. 

MoA'^emeiits of the stomach folloAA-ed introduction of 20 cc. of Av^ater into 
the stomach of an infested animal, but might not appear in others. • Con- 
tractions alAA^ays folloAA’^ed excitation of the vagus, the left being more effec- 
tiA'e on the stomach, and the right on the heart. 

Introducing 2 cc. M/10 KCl into the stomach ahA'ays evoked movements 
in infested animals, and usuall}’- in others. Slightl}”^ greater amounts 
alAA’Jays induced contractions. One to tAVO cat units of strophanthin in the 
.stomach reduced movements of the stomach and constriction of pjdorus 
and intestine, either before or after potassium. 

Following introduction of potassium into the stomach, excitabihty of the 
vagus, judged by effects on both heart and stomach, increased. A heart 
insensitive to left vagus under control conditions might stop. And a. 
stomach, insensitive to the right A^agus, AA^ould contract. About tAAn hours 
after administration of strophanthin, excitabihty of the vagus would fall, 
and a heart insensitwe to left vagus under control conditions AAmuld again 
become insensitive to it. Currents of greater intensity than were necessary 
at the height of the potassium effect became necessary for both heart and 
stomach as the strophanthin effect appeared. The potassium effect was 
always less marked, and the strophanthin effect more marked, in animals 
relatweb'’ free from parasites and AAoth a red liver, than in infested animals. 

Peripheral vascular responses to the ingestion of food. Sidney M. Fibrst 
(by invitation) and Daahd I. Abramson. May Institute for Medical 
Research, The Jewish Hospital, Cincinnati, 0. 

Since it has been shown that the cardiac output is significantly increased 
during digestion, the question arises as to whether or not the peripheral 
blood flow is similarlj’' affected. Therefore the influence of a meal of 
carbohydrate or protein upon the rate of blood flow through the hand, fore- 
arm and leg AA^as studied by means of the venous occlusion plethysmographic 
method. 

Control blood floAv readings AA'ere obtained upon seA'^en normal subjects 
in the post-absorirtive state, and then approximately 400 calories of protein 
or carbohydrate AA^ere ingested; the experiment being continued for the 
subsequent two to four hours. The reaction to both types of food was 
frequently studied in the same individual. 



P276 


AMERICAN PHYSIOLOGICAIi SOCIETY 


In every instance, the rate of blood flow through the hand was somewhat 
increased by a protein meal. The maximal effect was observ^ed one and 
one-half to three hours post-prandially. Following a carbohydrate meal, 
however, no definite augmentation in flow through the hand took place. 

In the forearm and leg, an increase in blood flow was observed after a 
protein meal if the e^eriment lasted for more than two and one-half hours. 
When a shorter period was utilized no change was recorded. A carbo- 
hydrate meal produced no significant effect upon blood flow in the forearm 
and leg. 

Following ingestion of both carbohj^drate and protein, a definite increase 
in pulse rate was frequently noted. Changes in blood pressure were also 
present, the greatest effect being produced bj" protein intake. , In more 
than half the cases an increase in pulse pressure, as a result of either an 
elevated systolic or a decreased diastolic pressure, was observed. : 

■- An increase in the rate of oxj'-gen consumption followed the ingestipn.pf 
both types of food, but there was no ob\dous correlation between' these 
changes and the alteration in peripheral blood flow. This was particularly 
true in the case of the carbohydrate meal, following which the metabolic 
rate in some instances was increased as much as 21 per cent vdthout any 
significant augmentation in peiipheral blood flow. 

Effect of thiocyanate on intestinal secretion. K. Fink (by invitation) and 
E. S. N ASSET. Department of Vital Economics^ University of Rochester, 
Rochester, N. Y. 

A study was made of the effect of thiocyanate on ileal and colonic secre- 
tion in the dog. After the administration of sodium thiocyanate by 
stomach tube, the volume, total enzyme (amifase, invertase and peptidase), 
and mucoprotein were increased as much as two to four times the control 
values. The concentration of chloride and carbon dioxide in the juice 
was not significantly altered. 

Thiocyanate had no demonstrable effect upon the oxygen consumption 
of intestinal mucosa. 

Progress in the purification of enterocrinin. R. M. Fink (by invitation) 
and E. S. Nasset. Department of Vital Economics, University of 
Rochester, Rochester, N. Y. 

Using an improved method of bioassay, a quantitative study of the 
increase in potenc}-^ and the jdeld of enterocrinin obtainable by a large 
number of fractionation procedmes has been carried out. A combination 
of some of the better procedures has resulted in a 300-fold increase in 
potency and removal of all but traces of the secretin and vasodilatory 
substances present in the crude extracts. The most potent preparation 
so far obtained significantly increased the rate of secretion of succus en- 
tericus when a dose of 80 micrograms was administered intravenously to a 
20 kgm. dog. 

The renal clearances of hippuric acid and pyridone derivatives.^ Norma 
Finkelstein (b}’ invitation), Lucv M. Aliminosa (by invitation) and 
HosrER W. Smith. Department of Physiology, New York University 
College of Medicine, New York City. 

‘ Aided by a grant from tlie Commonwealth Fund. 
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Using appropriate colorimetric methods of anal3’sis, or alternatively a 
Hilger two-beam quartz spectrograph, we have compared the renal clear- 
ances of 1, o-ltydrox}'^ hippuric acid; 2, p-hj’^drox}’- hippiiric acid; 3, p-amino 
liippuric acid; 4, p-acetylamino hippuric acid, and 5, a-pyridone-N-acetic 
acid with 6, diodrast; 7, hippuran or 8, iopax in the dog. (Those com- 
pounds other than the iodine derivatives were kindlj'- synthesized for us by 
Dr. Kenneth C. Blanchard.) It is concluded that the clearances of (2), 
(3), (4), (6) and (7) are identical within the limits of experimental error. 
(The excretion of these substances cannot be examined bj’- simultaneous 
clearances, since thej’’ mutuaUj' depress the tubular excretion of each other. 
The problem requires the observation of successive clearances under condi- 
tions where the renal blood flow and filtration rate are as constant as 
possible.) 

The demonstration that five substances have identical (and nearly 
maximal) clearances does not prove that the overall renal extraction ratio 
is 1.0, for anj'- renal blood not available for clearance in respect to one 
substance would in principle not be available for clearance in respect to the 
othere. This identit}’’ does show, however, that the limiting factor in the 
extraction ratio of anj’’ one of these substances is the distribution of blood 
'to excretory tissue, rather than some factor in diffusion or tubular activity, 
as is the case vdth phenol red, the clearance of which is substantial^’' below 
the clearance of this group of compounds. 

The investigation is being extended to the comparison of the maximal 
rate of tubular excretion and related problems, the in vivo penetration of 
red cells and the extraction ratio in the explanted kidnej’- in the dog, and 
td a comparison of clearances in man. 

■li . 

Studies concerning the relation between drug activity and exposure to low 
^ atmospheric pressure (high altitude). Ernst Fischer. Department 

of Physiology and Pharmacology, Medical College of Virginia, Richmond. 

Mice 'or rats exposed daily for two hours to a low atmospheric pressure 
simulating an altitude of 22,000 feet, show after 10 to 14 daj’^s in comparison 
with control animals a retardation in weight gain, an increased R.B.C. 
count, and an increased resistance to the lethal effect of severe anoxia 
produced bj’’ exposure to altitudes above 30,000 feet. The susceptibility 
to morphine and to sulfanilamide of the exposed animals is distinctly dimin- 
ished for several daj’'s after the last exposure. There is experimental e'vd- 
dence that only the change in sulfanilamide susceptibility can be accounted 
for by the observed difference between the exposed animals and the controls. 

Immediatety after a single exposm’e to 22,000 feet, morphine susceptibil- 
ity is temporarily decreased, while sulfanilamide susceptibility is strongly 
increased by a single two hours exposure to 22,000 feet shortly after admin- 
istration of the drug. 

Gitalin (5 to 10 y/gm.) has a prophylactic effect against the lethal effect 
of high altitude above 30,000 feet. The protection afforded is at its height 
for a period from 16 through 30 hours after injection. The protection 
afforded becomes more distinct with increased altitude. Apomorphine 
(10 y/gm.) has an immediate but weaker protective action, also distinctly 
depending on the altitude. The gitalin and the apomorphine prophylaxes 
are. additively sjmergetic. Simultaneous records of respiration and E.K.G. 
of protected as well as of improtected rats during exposure to high altitudes 
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indicate that apomorphine delays the anoxemic paralysis of the respiratory 
center, while gitalin stabilizes the heart rhythm and delays the anoxemic 
damage of the heart muscle as expressed by the changes in voltage and 
shape of the T-waves. 

A mechanism of narcosis suggested by the effects of narcotics on several 
types of cell. Kenneth C. Fisher. Department of Biology, University 
of Toronto, Toronto, Canada. 

Attempts have been made recently in this laboratoiy to describe the 
relation between the concentration of a narcotic and its effect on the respi- 
ration of various cells by means of an expression of the law of mass action. 
New data obtained, as well as some found in the literature, suggest that 
the action of ethyl urethane is due to its effects on two respiratoiy systems. 
The sum of these two parallel systems constitutes the normal oxygen con- 
sumption of the cells. They are differentiated on the basis of their sensi- 
tivity to the narcotic and on then different reaction with it. 

Inhibition of the more sensitive of the two S3’^stems maj'- be complete, 
with little or no effect on the second, and with relativelj’’ much less_ than 
complete inhibition of the total oxygen consumption. If the activity of 
cell dmsion or of light production is associated with the integrity of this 
more-sensitive respiratoiy system, as seems to be the case, then one can 
readily account for the common observation that narcotics affect function 
faster than total respiration as the concentration is increased. 

The quantitative effects of certain narcotics other than ethjd inethane 
which we have examined, do not always suggest upon gross examination 
that the narcotic is affecting two systems. K, however, it be postulated 
that the affinities of the two systems are not in the same ratio for all in- 
hibiting substances, then all effects so far observed on j^east are completel}^ 
consistent with the view that narcotics in general actuall}'^ inhibit two 
distinct respiratory systems. This postulation of course provides^ a 
mechanism for the differences between the minimum lethal and the min- 
imum hjqmotic effects of different narcotic agents. 

Studies on the effect of raw pancreas fed to completely depancreatized 
dogs. J. B. Flanagan (by invitation) and H. C. Struck. Department 
of Physiology, College of Medicine, University of Illinois, Chicago. 
Completely depancreatized dogs have been maintained for periods up 
to a 3'^ear. No constant effects of feeding large amounts of fresh, raw beef 
pancreas to these animals could be showm, either on biopsies of livers or on 
insulin requirements of the animals. There was a questionablj' significant 
decrease in fatty degeneration of livers of depancreatized dogs given large 
amounts of vitamin D in addition. 

Respiratory enzymes and histologic structure of the developing cerebral 
cortex of the fetal pig. Josefa B. Flexner (bj’- invitation), Louis B. 
Flexner and William L. Straus, Jr. (bj’’ invitation). Department 
of Embryology, Carnegie Institution of Washington, Baltimore, Aid., 
and the Department of Anatomy, The Johns Hopkins University. (Read 
bj' title.) 

Estimations have been made of oxygon consumption, cytochromc-ej'to- 
chrome oxidase activitj’ and cj’-tochiome oxidase activity of the cerebral 
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cortex of the fetal pig from about the thirty-fifth day of gestation until 
term (114 days). Sliced or minced cortex has a Qo; of about 6 until the 
ninetieth daj^ of pregnancy; then gradually rises to the value of 8.6 found 
at term. 

The curve describing the change of Qoi ^vith gestation age is apparently 
in no way related to the cmwe describing the change of C3dochrome-C3do- 
chrome oxidase activit 3 * as measured with p-phenylenediamine. Minced 
or sliced cortex shows no cytochi-ome-cytochrome oxidase activity for 
approximately^ the first half of gestation; then rapidly rises during the 
period of a week to about one-fifth of the value of adult cerebral cortex; 
and after this initial increase, graduall 3 ’- doubles in intensit 3 ^ to teim. 
Ground cortex shows slight cytochrome-C 3 ’’tochrome oxidase activity during 
the first half of gestation and a sharp increase following tins period. The 
results obtained on cytochrome-cytochrome oxidase activity’- vdth minced 
or sliced brain consequently’ appears due to two factors. The first is an 
increase in permeability to the reagent, p-pheny^lenediamine, at the end 
of the first half of gestation. The second and quantitatively more im- 
portant, is a sharp increase in cytochrome-cydochrome oxidase activity. 

Cytochrome oxidase activity’-, estimated with p-pheny’^lenediamine in 
presence of an excess of cy-tochrome C, was found to be constant throughout 
that period of fetal life which was investigated. This suggested that the 
low cytochrome-cytochi-ome oxidase activity found in the first half of the 
gestation period was due to low concentration of cy’tochrome C. This 
conclusion was substantiated by spectroscopic examination of suspensions 
of fetal cerebral cortex. 

At all stages of development, the oxygen-uptake of the cortex was 
diminished by more than 90 per cent by 0.001 M cy’^anide. 

At the end of the first half of gestation and at the time of the sharp 
increase in cytochrome-cytochrome oxidase activity, there was a general 
and marked increase in the size of the nerve cell bodies and in the quantity 
of their Nissl substance. 

Electroencephalographic studies during acute e^erimental increases of 
intracranial pressure. Francis M . Forster^ (by invitation) and Leslie 
F. Nms. Laboratory of Physiology, Yale University School of Medicine, 
New Haven, Conn. 

Four cats, four dogs and two monkeys were studied during periods of 
increased intracranial pressure induced by Cushing's technique. Blood 
pressure and electroencephalograms were continuously’- recorded. The 
factor of importance in inducing electroencephalographic changes was 
found to be not the height of the intracranial pressure but its relation to 
the blood pressure. A diminution in frequency and amplitude occurred 
when the intracranial pressure approached within 40 mm. Hg of the blood 
pressure and complete obliteration of the electroencephalogram occurred 
when the intracranial pressure equaled or exceeded the blood pressure. 
Blood pressure responses could be induced in the absence of cortical electri- 
cal activity. 

Pharmacological observations on two water-soluble "ritamin K-like sub- 
stances. R. H. K. Foster, Jambs J. Smith (by in-vitation) and A. C. 

* Rockefeller Foundation Fellow, 1940-1941. 
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Pliarinacohgij Laboratory, Uoffmami-La Roche, Inc., Nutley, 

N. J, and the Department of Physiology and Pharmacology, North- 
western University Medical School, Chicago, III. 

Hypoprothi-ombinemia in rats was produced by bile duct obstruction or 
by feeding petrolagar. Quick’s prothrombin time method (PT) was em- 
ployed and blood obtained b}'^ cardiopuncture imder ether anesthesia. 
The mean PT on 144 normal rats was 22.9" and on 60 deficient rats 51.5". 
Four 7 per rat of tetrasodium 2-methyl-l,4-naphthohydroquinone di- 
phosphoric acid ester (N-123) or of 2-meth3d-l,4-naphthohydroquinone-3- 
sodium sulfonate (MNSS) lowered the PT to 32" within 24 hi-s. Two 
7 lowered it to 38" and 43" for N-123 and hlNSS respectivel3^ On a 
molecular weight basis N-123 is twice as active as MNSS. 

In rats the subcutaneous LD50 of N-123 wms 610 mgm/kgm. and of 
MNSS 175 mgm/kgm. Deaths occurred in 12 to 140 lu-s. Post mortem 
findings for b^oth substances consisted in moderate gross or petechial 
hemorrhages and congestion in various organs. Slight microscopic changes 
occurred in the Iddney. In rats receiving 10 doses of 100 mgm/kgm. 
of N-123 during 14 da3’’s there w^ere no microscopic changes and the treated 
rats gained as much weight as controls. With 18 similar doses admin- 
istered during 18 da3'^s there was a significant loss of weight. A slight 
loss of weight occurred wdth 25 and 50 mgm/kgm. doses of N-123 or MNSS 
given dail3'- for 18 da3^s. 5 mgm/kgm. of either substance resulted in a 
gain in bod3^ w^eight significant^^ greater than controls. 

Rabbits receiving subcutaneously up to 20 doses of 100 mgm/kgm. 
of N-123 developed a Ioav grade anemia with complete recoveiy starting 
even during the treatment. Four daily doses of 150 mgm/kgm. of N-123 
caused a profound aplastic anemia and 50 per cent mortalit3L 

Rats recemng repeated high doses of either substance develojied per- 
sistent 3mllow-browTi pigmentation of the fur, S3'^mmetricall3'^ distributed 
about the head and bod3'^ in discrete areas. In rabbits receiving N-123 
a similar pigmentation also developed but the color approached a pink- 
orange. 

In pentobarbitalized dogs 20 mgm/kgm. of either substance caused no 
effect on BP. With 30 mgm/kgm. N-123 caused a slight rise and MNSS 
a slight fall or no effect. Forty milligrams per kilogram of N-123 caused 
a marked rise in BP -with increased resphation and awakening. In cats 
under alurate these effects appeared “with one-fourth the dose. 

Gastric secretion under conditions of orthostatic handicap to the circulation. 

Elizabeth Brogdon Fr^vnseen (introduced by Charlotte Ha3wvood). 

Department of Physiology, Mount Holyoke College, South Hadley, Mass. 

Fixation of humans in a standing position is known to induce orthostatic 
collapse. The squeezing action of anti-gravity muscles incidental to 
postural sw'a3'’ over a stationaiy base has been showm to avert such circu- 
latory failure (Brogdon and Hellebrandt, Am. J. Ph3’’siol. 129: P318, 
1940). This study has been concerned mth further observations of the 
cardiovascular response to standing with paidicular reference to con- 
comitant gastric activity. 

A test meal, 50 cc. of 7 per cent alcohol, %vas introduced into the fasting 
stomach through a duodenal tube 15 minutes after the onset of standing. 
Samples of the gastric contents were withdrawn at 15 minute intervals 
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for fractional analysis of free and total acidity. The subjects were healthy 
young women. Thej'- easily tolerated 75 minutes of standing when free 
ph 3 ’^siological sway was allowed. Heart rates taken at minute intervals 
did not exceed 95 per minute. It was not alwa 3 ’’S possible to stand through 
the secretory cycle when held immobihzed by extrinsic supports. Under 
that condition the heart rate rose progicssivel}'’ to 110 or higher, syncope 
threatened, and the subject was returned to the horizontal. 

The secretory response of the normal stomach is highly variable even in 
the tube-trained subject (Hellebrandt and Brogdon, Am. J. Dis. and 
Nutrition 2: 402, 1935). However, the acidity values obtained throughout 
and follovung the periods of fixed standing wliich were associated with 
exaggerated cardiac response are clearly depressed below the range of those 
of recumbenc}". With free postural sway, the secretory curves are in- 
distinguishable from those of recumbency. It is suggested that vaso- 
constriction in the splanchnic region, while temporarilj’- maintaining an 
adequate cerebral circulation during rigid standing, may be so extreme 
as to impair visceral function. Postural SAvay serves as a circulatory aid 
so effectively that the gastric cells are forced to suffer httle interference 
vfith their work through a reduction in their blood suppl 5 ^ 

The interference in the absorption of inorganic phosphorus by aluminum 
hydroxide : Its use in children with chronic renal insufficiency. Sruth 
Freem.’VN and Willie Mae Freem,vn (by invitation). Deparlment of 
Physiology and Pharmacology, Nortimeslern University Medical School, 
Chicago, III. 

Studies carried out on normal dogs have demonstrated the effectiveness 
of aliuninum hydroxide in interfering with the absorption of inorganic 
phosphorus. One hundred twenty cubic centimeters of 5 per cent 
aluminum hydroxide daily Avill reduce the urinary excretion of inorganic 
phosphorus to approximately half of its normal value in dogs receiving a 
diet containing liberal amounts of calciiun and phosphorus (1 gram each 
daiW)- Similar results have been obtained on normal adult male human 
beings who were receiving a diet containing approximately 2 grams each 
of calcium and phosphorus daily. the use of a low phosphorus diet in 
conjunction with 120 cc. of 5 per cent aluminum h 3 ’-droxide daily it was 
possible to produce a negative phosphorus balance in a child wth “marble 
bones.” 

Reducing the phosphorus absorption, by restricting its intake or by 
using aluminum h 3 ^droxide to interfere witli its absorption, resulted in a 
decreased urinar 3 '' excretion of inorganic phosphorus in 3 children with 
chronic renal insufficienc 3 L In all three children the initally high serum 
inorganic phosphorus content of the serum was reduced by restricting the 
phosphorus absorption. An inveree relation between the serum calcium 
and inorganic phosphorus was obseiwed frequent^'- in these children. A 
reduction in some of the clinical manifestations of renal insufficiency was 
observed with the decrease in serum inorganic phosphorus. 

The fluorescence of chlorophyll in plants and its relation to the induction 
period of photosynthesis. C. S. French, T. T. Puck and J. Franck 
(introduced by E. M. K. Geiling). University of Chicago, Chicago, III. 
Both the fluorescence outburst and the induction period of photos 3 m- 
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thesis which occur at the beginning of illumination of a leaf are due to the 
fact that the catalyst involved in splitting oxj’-gen off of peroxides becomes 
inactivated in the dark. As a result, the photocheihicallj'^ produced per- 
oxides accumulate and, by oxidation, foim substances which inhibit photo- 
synthesis and increase the fluorescence jueld. These substances are re- 
moved by a thermal reaction, so that the fluorescence intensity at anj- 
moment is determined by the balance between these two reactions. As 
photosjmthesis proceeds, the catalyst in question is reactivated until it 
can remove the peroxides rapidty enough to avoid the oxidation processes. 
Evidence is presented by experiments wherein the light intensity is sud- 
denly decreased after a very short, intense illumination, so that the rate 
of disappearance of the substances causing the resulting fluorescence out- 
burst can be followed. Their lifetime can also be estimated by measuring 
the initial fluorescence intensity after dark periods of vaiying duration. 
At room temperature, the half-life of these substances in the dark is 1.7 
seconds. HCN, an excess of CO 2 or low temperatures decrease the rate 
of the thermal reaction remo'S'’ing these substances, and so prolong the time 
of the fluorescence decay, as well as of the induction period. 

Studies in renal vein occlusion.^ L. Friedberg (introduced lij’’ L. N. 

Katz). Cardiovascular Departineni, Michael Reese Hospiial, and 

Department of Physiology, University of Chicago, Chicago, III. 

Experimental studies in hypertension have shovm that renal ischemia 
plays an important etiological r61e. It appeared possible that a state of 
relative renal ischemia might be produced b}’’ increasing the venous pres- 
sure mthin the kidne 3 ’’ and that hypertension might result from this 
procedure. Partial occlusion of one renal vein in the rabbit has led to a 
transitory hj'^pertension. Results in dogs have been inconsistent. In 
the present studj’^, trained unanesthetized dogs were used, the blood pres- 
sure being determined bj’’ the Hamilton manometer. Occlusion of the 
renal veins was accomplished by means of linen ligatures under nembutal 
or ether anesthesia. 

Moderate transitoiy hypertension was observed after partial occlusion 
of one renal vein. This was more cAudent when the animal was contra- 
laterallj’’ nephrectomized. Collateral venous circulation developed almost 
immediately and this probabty led to the dissipation of the hypertension. 
The hypertension in such dogs lasted tlmee or four daj’^s, the blood pressure 
then returning to its control level. Post-mortem examination revealed 
a vast collateral supplj’^ to the IddnejL Reoperation and occlusion of most 
of the collateral supply led to a more persistent hypertension in one dog. 

Complete occlusion of one renal vein was not accompanied bj’' hyper- 
tension. The kidney was severelj'’ damaged by this procedure, however, 
since removal of the normal kidney resulted in uremia. 

Complete occlusion of both renal veins was followed by anuria and 
uremic death in a few da 3 ^s without the development of hypertension. 

Relation of the cervical sympathetics to anterior pituitary gonadotropic 

activity in the rat. H. B. FniEnGooD and S. Bevin (by invitation). 

Harvard Medical School, Boston, Mass. (Read bj-^ title.) 

Superior ccnucal .sympathetic ganglioncctomy interferes significantly 

• Aided by the A. D. XastFund for Cardiac Research. 
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with the incidence of pseudopregnancy after glass rod or electrical stimu- 
lation of the cendx uteri. The latter induces psuedopregnancy in about 
95 per cent of normal unoperated rats, whereas ganglionectomized animals 
become pseudopregnant after a similar stimulus in approximately 75 
per cent of the cases. The gonadotropic response of the pituitary to 
stimulation of the cervix is thus modified experimentallj’' to some extent 
bj" exclusion of the cervical S 3 ’’mpathetics. One could not conclude, how- 
ever, that the sjunpathetics normall 5 '^ participate in stimulation of the 
pituitary in the intact animal. Further evidence on this point is contained 
in the follovnng observations. 


NUM- 

! 

EXPERlMENTAli CONDITIONS 

INFLUENCE ON REQULARITT OF ESTROUS CYCLES 

BER OF 
BATS 

Nono 

Psoudo- 

prcgnancy 

Prolonged 

diestrus 

Irregular 

cycles 

11 

Ether anesthesia for 10 
minutes 

11 (100%) 

0 

0 

0 

6 

Light sodium amytal 
anesthesia 

6 (100%) 

0 

0 

0 

43 

Blank neck operations 
(controls) 

Bilateral cervical sj'm- 
pathectomy 

Bilateral superior cervi- 
cal sympathetic gan- 
glionectomy or re- 
moval only of the 
inferior pole of both 
ganglia. 

28 (65.1%) 

10 (23.2%) 

3 (6.9%) 

2 (4.6%) 

28 

15 (53.5%) 

11 (39.2%) 

0 

2 (7.1%) 

53 

S (15.1%) 

34 (64.1%) 

6 (11.3%) 

5 (9.4%) 


These significant differences in the incidence of pseudopregnancy are 
independent of anesthesia. Thej’’ may be attributed either to indirect 
effects of ganglionectomy on pituitaiy function (e.g., vasodilatation in 
pituitary) or to mechanical stimulation of the ganglia and cervical chains 
during their removal. Ablation of the ganglia is apparentl 3 ^ more effective 
in inducing pseudopregnanej’^ than severing the chains. In conjunction 
with the earlier observations these data suggest that the cervical s^to- 
pathetics can take part in affecting the gonadotropic activity of the anterior 
pituitaiy of the rat. It is still possible, hoivever, that our results can be 
accounted for by non-specific stimulation of the pituitaiy through vaso- 
motor changes. 

Mediation by the small intestine of the gastric secretory depressant effect 
of urine extracts. M. H. F. Friedman (introduced by T. L. Patterson). 
Department of Physiology, Wayne University College of Medicine, 
Detroit, Mich. 

Recent experiments suggest that the gastric secretory depressant sub- 
stance excreted in the urine of man and dog does not act directly on the 
gastric glands. Experiments were perfonned on vagotomized dogs under 
nembutal anesthesia, the animals having been fasted previously for 24 
hours. Gastric juice was obtained by fistula from the whole stomach and 
secretion stimulated by repeated subcutaneous injections of histamine 
(0.1 mgm. per kilo per hour). The urine extracts, which had been found 
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to be non-toxic, pyrogen-free and without effect on blood pressure, were 
administered b3’’ vein. 

In a control series of 20 dogs, urine extract in effective doses inhibited 
gastric secretion in 90 per cent of the animals. In a second series of 16 
dogs the whole of the small intestine w^as removed and histamine and urine 
extract given as in the control series. Although as much as nine times the 
effective dose w^as employed, inhibition of secretion in the enterectomized 
dogs was observed in only 20 per cent of the experiments. Extensive 
handling of the small intestine did not influence appreciablj’’ the inhibitor}" 
effect of the extract nor did the fall in blood pressmn resulting from the 
operative procedure appear to be a responsible factor. The possibility 
that the inhibitor}" effect of urine extract on gastric secretion is mediated 
by the small intestine should be entertained. 

The convulsant action of acid fuchsin in rats of different age periods. 

Alfred Frohlich (by invitation) and I. Arthur Mirsky. The 

May Institute for Medical Research, The Jewish Hospital, Cincinnati, 0. 

In order to obtain data which may be of aid in the elucidation of the 
mechanism responsible for the increased susceptibility of children to con- 
vulsions, the influence of acid fuchsin was studied in rats of different age 
periods. Groups of from 10 to 25 rats of from 7 days of age to over 100 
days of age were studied. 

The subcutaneous administration of acid fuchsin in doses of 0.5 mgm. 
per gi-am of rat produced convulsions in approximately 100 per cent of 
animals at every age level below' that of 17 days. On the 18th, 19th 
and 20th days of age the incidence of convulsions fell off^ rapidly until by 
the 21st day no animals responded to this dose. Increasing the dosage of 
acid fuchsin produced insignificant changes in the number of animals w'hich 
developed convulsions. 

Adult animals did not develop convulsions even when doses of as high 
as 3 mgm. acid fuchsin per gram w"as administered. However, after 
treatment w"ith an injection of theophylline, even 0.5 mgm. per gram of 
rat resulted in the development of convulsions in about 60 per cent of 
adult animals. 

The significance of this data as concerns the relation of age to the sus- 
ceptibility to convulsions and the role of the hematocephalic barrier 
w"ill be discussed. 

The control of small blood vessels. George P. Fulton (by invitation) 

and Brenton R. Lutz. Department of Biology, Boston University, 

Boston, Mass. (Motion picture demonstration.) 

In Rana pipiens, with brain and medulla destroyed, the distribution of 
the contractile elements of the small blood vessels in the retrolingual 
membrane was explored with a micro-electrode. A water immersion 
lens w"as used and cincphotomicrographs obtained. Brief faradic stimu- 
lation of non-myclinated nen"es produced a diphasic response, vasodilation 
follow'cd by vasoconstriction, in a limited vascular pattern. Weak stimu- 
lation generally produced only dilatation. Strong stimulation of the same 
nerves frequently constricted only a portion of the area originally dilated 
with a weak stimulus. Some nen"e fibers gave only constriction or dilatation 
to all strengths. Each of .several neiwe fibers in a field may produce a 
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response in the same limited vascular pattern, suggesting a smooth muscle 
motor-unit. Faradic stimulation of small nerves frequently produced 
dilatation and constriction of a capillary only in the region of its origin, 
the response being independent of the suppl 3 ’-mg arteriole or precapillaiy. 
Such a sphincter-like mechanism ma 3 ’- thus regulate capillary blood flow 
A\dthout the aid of the suppl 3 dng vessel. These regions sometimes shoAved 
spontaneous independent rh 3 ^thmic activit 3 ^ In methylene blue prepara- 
tions the capillaiy origins shoAved a feAv modified smooth muscle cells AAuth 
branched processes. Other pericapillaiy cells and the endothelium itself 
did not respond to nerA^e stimulation, or to direct electrical or mechanical 
stimulation. The anatomicall 3 ’- continuous periA'^ascular nei’A'^e plexus, 
Avhich is rich on the arterioles and precapillaries, but sparse or lacking on 
the capillaries, is physiologicall 3 ' discontinuous. 

Reduction of carbon dioxide imder anaerobic conditions in green algae. 

H. Gaffron (introduced b3’’ E. M. K. Geiling). University of Chicago, 

Chicago, III. 

With some species of unicellular green algae it AV’as possible to demon- 
strate that a prolonged anaerobiosis leads to a specific change in the 
mechanism of the photochemical reduction of carbon dioxide. The dis- 
appearance of carbon dioxide is no more coupled AAuth the eAmlution of 
molecular oxygen, but AAuth the oxidation of h 3 ’-drogen donors. Thus the 
reaction becomes similar to, if not identical AAuth, the photochemical 
behavior of the purple bacteria. The course of this photoreduction in 
algae can be studied best AAuth molecular h 3 '^drogen as the specific hydrogen 
donor. It has been knoAvn for several years that normal aerobic photo- 
synthesis is specifically inhibited b 3 ’^ such poisons as h 3 ’^droc 3 ’^anic acid and 
hydroxylamine. The effect of these poisons on the photoreduction Avith 
hydrogen proA’^es that hydrox3damine exclusiveh'^ inhibits the eAmlution of 
molecular ox 3 ’'gen under aerobic conditions, but has no influence on the 
reduction of carbon dioxide as such, Avhile c3’-anide inhibits this latter 
reaction onl 3 ^ Anaerobic conditions also support a rapid reduction of 
carbon dioxide Avith h3''drogen in the dark, proAuded this reaction can be 
coupled to an oxidation process furnishing the necessaiy activation energ 3 ^ 

Cochlear potentials elicited from bats by supersonics. Robert Galambos 

(introduced by A. C. Redfield). The Biological Laboratories, Harvard 
University, Cambridge, ilfoss. 

Cochlear potentials have been recorded from bats in response to super- 
sonic sounds. These potentials accuratel 3 '^ folloAA'^ the frequency of the 
incident sound up to the upper limit of the recording apparatus (98 kc.). 
The maximum voltage deA’-eloped remains nearly constant for frequencies 
betAveen 10 and 60 kc., those betAveen 25 and 45 kc. usually giAong slightl3'’ 
increased Amltages; the voltage at 98 kc. is about one third that at 10 kc. 

EAudence that for frequencies up to 55 kc. the intra-aural muscles 
(tensor tympani and stapedius) function to reduce transmission across the 
middle ear has been gathered 1 d 3 '' measuring cochlear potentials as a func- 
tion of sound intensity. The voltage developed to a moderately intense 
tone drops suddenly after an increase in sound intensit 3 ’', and subsequent 
reduction of intensity is folloAA'ed by a rise in voltage; this effect disappears 
AAuth increase in depth of anesthesia (ether, nembutal), or upon injection 
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of curare. As the animal dies, the cochlear voltage first drops, then sud- 
denty increases; the rise in voltage (2-4 min. after “death”) is taken to 
indicate the break-down of the intra-aural muscle reflex with consequent 
increase in transmission across the middle ear. 

Recent experiments show bats produce supersonic cries and are unable 
to avoid obstacles if temporarily deafened or gagged. The present study 
shows the bat cochlea to be sensitive to supersonic sounds. These facts 
taken together support the theory that flying bats hear reflections of their 
supersonic cries and determine the position of obstacles by auditory 
localization. 

The author is indebted to Professor G. W. Pierce for the use of both the 
ma^etostriction oscillator to generate supex‘sonic tones, and the super- 
sonic microvoltmeter to record the cochlear potentials. The following 
species of bats were used: Myotis 1. lucifugus (4 ears), M. keenii septen- 
irionalis (8), PipislreUus subflavus (1), Eptesicus f. fuscus (33). 

Relation between unconditioned and conditioned reflex: inhibition of CR 

by UR. W. Horsley Gantt. Pavlovian Laboratory, Phipps Clinic, 

Johns Hopkins University, Baltimore, Md. 

Fundamentals of CR interaction have been investigated by Pavlov, and 
proven often similar to the laws of segmental reflex interaction as stated 
by Sherrington. The question of reciprocal relationship of CR-UR has 
been neglected. CR secretion was supposed to summate with its folloiving 
UR like two allied segmental motor reflexes (Sherrington). My studies 
show that CR and UR however act more like antagonistic reflexes strug- 
gling for the final common path; the unconditioned stimulus immediately 
and completely inhibits all related conditioned reflexes. The proof is: 
1, the UR is of equal magnitude ivhether preceded by its CR or acting 
vdthout such precedence; 2, whether acting alone or concurrently vdth the 
overlapping conditioned stimulus; 3, UR is independent of the length of 
conditioned stimulation overlap; 4, the curves of CR and UR are inde- 
pendent and characteristic but the UR curve is the same regardless of 
preceding or simultaneous action of the conditioned stimulus; 5, there is 
a refractoiy period after the UR during which the organism is non-re- 
sponsive to specificall}'’ related conditioned stimuli; 6, when UR fails to 
follow its CR inhibition is absent. These effects are not due to a maximum 
capacity secretion because it holds \vith even quantitatively minute URs. 
Even small URs can inhibit much larger con^tioned reflexes, though if 
the unconditioned reflex is made sufficiently weak it does not completely 
inhibit a powerful conditioned reflex. 

This inliibition is not only true for secretion and movement but for the 
accompanjdng increase in cardiac and respiratory activity, i.e., the emo- 
tional components of the conditioned reflex. Inhibition of CR by UR 
generally holds for the motor reflexes to pain as well as with both secretory 
and muscular reflexes to food. Such inhibition of conditioned reflex 
activity w’hcn the unconditioned reflex sets in pi'ovides a physiological 
resting period — ^involving 1, specific movements, 2, secretion, 3, ernotional 
activity measured by cardio-respiratory responses — during w'hich the 
organism is not subject to stimulation by the same conditioned stimuli 
to which it has just responded. 
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Rhythmic variations of muscular activity in normal and neurotic dogs cor- 
related with secretion and with conditioned reflexes. W. Horsley 
Gantt and Wendell Muncie (bj'- invitation). Phipps Psychiatric 
Clinic, Johns Hopkins Hospital, Baltimore, Md. (Read by title.) 
The 24 hour acthdty was measured in 10 dogs for a period of five years 
using an adaptation of Richter’s method applied to rats. The following 
facts were noted. jMale dogs exliibit cycles of activity of 3-5 days’ dura- 
tion culminating in peaks followed by depressions. The degree of activity 
as well as the duration of the cj’^cle is characteristic of the individual dog, 
and the pattern is maintamed for long periods, perhaps throughout the 
dog’s life. Seven pairs of normal dogs placed in adjacent outdoor cages 
showed parallel fluctuations in the daily activity, i.e., a high correlation 
factor (r), r var 3 dng from 0.28 to 0.57, mean r = 0.47, P (Fisher’s prob- 
ability factor) = 0.005. The correlation coefficient between pairs of 
normal dogs when the two dogs were separated, and one of the dogs placed 
in an indoor cage was small (?• = 0.13). On the contraiy, the correlation 
coefficient of a “neurotic” dog with 5 other normal dogs taken inde- 
pendently was negligible whether both dogs Avere in adjacent or in separated 
cages (r = 0.08), Furthermore there is a positive though small correlation 
coefficient betiveen the amount of reflex salivaiy secretion to a given 
amount of food and the 24 hour activity (r = 0.28, P = 0.05), and an 
indication of a small positive correlation with the magnitude of the condi- 
tioned reflex (r = 0.22, P = 0.1). There is thus not onlj’- 1, a character- 
istic pattern of activity (magnitude and cjnle) for each male dog, but 2, 
a fluctuation of acthdty affecting all the normal dogs dependent upon some 
common factor, as 3 ’-et undetermined in our analyses, but possibty meteor- 
ological, as all the dogs in the adjacent outdoor cages Avere exposed to the 
Aveather, 3, and the individual fluctuations in 24 hour acthdty are roughty 
proportional to (i.e., positiveh’’ correlated with) the physiological saliA’^aiy 
secretion and probality the higher nervous activity, measured b 3 ’- the con- 
ditioned reflex, of that particular dog. 

Fimctional organization and interrelation of cerebral hemispheres in cat.^ 
Hugh W. Garol (introduced by W. S. McCulloch), Laboratory of 
Neurophysiology, Yale University, Sehool of Medicine, New Haven, 
Conn. 

By local strychninization of one hemisphere of the cat {Felis domestica) 
and recording electrical actmty of both, the boundaries of the sensory 
cortex have been mapped. It has been found that Avhile there is restricted 
firing from many regions Avithin it there is no clear indication of separate 
subdivisions for face, arm and leg. HoAveA'^er, there is clear indication of 
areas which are dissimilar in regard to the areas to which spiking potentials 
are propagated and these areas correspond to those plotted b 3 '' Winkler and 
Potter in 1914 based on Brodmann’s six-la 3 ’'er C 3 doarchitectonic classifica- 
tion. Strychninization of certain of these areas produces suppression of 
electrical actmty of the cortex. 

The origin and termination of callosal connections by location of strych- 
nine spikes on one hemisphere from local strychninization of the other has 

* Aided by a grant from the Knight Funds of the Yale School of Medicine. 
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revealed their relative!}' restricted origin and their projection principally 
to ssoninetrical foci. 

Finally, it has been observed that suppression of electrical activity, 
mitiated by strychninization of an}' suppressor areas, affects both hem- 
ispheres. 

The action of acetylcholine on the heart of Limulus polyphemus. W. E. 

Garre Y. Department of Physiology, Vanderbilt University School of 

Medicine, Nashville, Tenn. (Read by title.) 

The neuromyal junctions of the anterior segments of the heart of Limulus 
poL'phemus were not affected by acetylcholine, mecholyl or lentin. At- 
tempts to potentiate such nonganglionated preparations irith eseiine 
failed. 

The cardiac ganglion is stimulated by these choline derivatives, lentin 
(doiyl) being by far the most effective. Acetylcholine required concentra- 
tions averaging one part in 16000, often 1 in 5000, — ^i-arely only 1 in 30,000 
was needed. Eserine produced marked potentiation of acetylcholine 
stimulation of the gangUon, which often was emdent in dilutions of one 
part in a million. Stimulation involved both rate of impulse formation 
(cell stimulation) and height of muscular contraction (lowered cell thresh- 
old or s}maptie facilitation). 

Impulse transmission in the sinus venosus of the turtle heart. W. E. 

Garrey and C. E. King. Department of Physiology, Vanderbilt Uni- 
versity School of Medicine, Nashville, Tenn. (Read by title.) 

A resun'ey of impulse initiation and transmission in the sinus venosus 
of the turtle heart has confirmed time-honored concepts. The methods of 
study included high speed (64 and 128 per sec.) and ultra high speed 
(300 per sec.) cinematogmphy of the contraction waves and the determi- 
nation of the time relations of amplified potential changes at different loci 
using either unipolar or bipolar electrodes. By these methods of visual- 
izing and measuring the progress of contraction waves, it can be stated 
with certainty that the noimal sinus never contracts as a unit but that the 
contraction wave-front is initiated in and progresses radially in all direc- 
tions from a small focus of initiation (pacemaker) at a rate which varies 
mth the temperature, and eventually involves the entrant veins. The 
normal pacemaker is located to the right of the midline, and is usually 
anterior to the mouth of the coronaiy vein. It has been localized by other 
methods. 

Localization of the pacemaker in the sinus venosus of the turtle heart. 

W. E. Garrey and C. E. King. Department of Physiology, Vanderbilt 

University School of Medicine, Nashville, Tenn. (Read by title.) 

The nonnal (usual) pacemaker on the sinus venosus of the turtle heart 
has been demonstrated to lie witliin an area of a few square millimeters on 
the ventral surface of the .sinus slightly to the right of the midline and 
anterior to the entrant coronary vein. Its location Avas deteiTnincd by 
localized stimulation of its intrinsic inhibitor}’ mechani.sm. 

1. A strong acetylclioline solution made into a thick paste ndth kaolin 
was “.spotted” on different parts of the .sinus venosus. Inhibition of rate 
ensued only when the drug w.as placed on the pacemaker-area. 
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2. Gentle mechanical stimulation with a camel’s hair pencil-brush or 
wsp of cotton induced pacemaker inhibition (no extrasystole), but was 
ineffective elsewhere on the sinus, although rougher manipulation might 
stimulate intracardiac inhibitory fibers and indirectly inhibit the pace- 
maker. 

3. Faradic stimuli delivered from fine, closel 3 '' approximated electrodes 
could be weakened below the threshold of cardiac muscle and also below 
that of intiinsic vagal fibers, but still produced localized inhibition about 
the electrodes. Such inhibition affected the rate only when applied to 
the pacemaker area. 

Wben inhibition was confined to the pacemaker, a new pacemaker 
developed, (cf. Meek and Ej’^ster, 1912, 1914, 1916.) 

Desoxycorticosterone and lactation. Robert Gaunt. De-partment of 

Biology, Washington Square College of Arts atid Science, New York 

University, New York City. 

Lactation deficiencies of adrenalectomized rats can be repaired com- 
pletely with relativelj" large doses of cor tin (Gaunt and Tobin). Cortin, 
adrenotropin or salt, as well as pituitary lactogenic hormone, must be 
given to initiate lactation in the hypoph 3 ’^sectomized guinea pig (Nelson 
and Gaunt; Gomez and Turner). A stud 3 '' of crystalline cortical steroids 
in these responses is of interest, especially since Brownell et al. believe that 
this action of cortin is due to a separable fraction, cortilactin. 

This report concerns the effect of desox 3 ’’corticosterone acetate (DCA) 
on the lactation of rats adrenalectomized vdthin 24 hours after deliveiy. 
Adrenalectomy at this time permits a better lactation in untreated mothers 
than we previousl 3 ’' reported when operations were done prior to parturi- 
tion. All litters were reduced to 6 each. Results were as follows: 

1. In untreated mothers growth of litters Avas sub-normal but no deaths 
of 3’'oung occurred before 15 da3'^s and 33 per cent Avere raised tn AA'eaning 
(6 litters). 

2. "VSTien the mothers received 0.3-0.5 mgm. DCA per day all the 3 ''Oung 
died betAA^een the 11th and 19th days, despite large weight gains and ex- 
cellent health of the mothers (8 litters). One-tenth milligram DCA gave 
similar results in 3 cases, but one anomalous animal lactated noimally. 

This Avould seem to indicate that DCA not onh’’ failed to support lacta- 
tion but probably actually inhibited it, perhaps because it is a mammary- 
groAAdh stimulating substance (Van Heuversw^m et al.). 

3. DCA did not, however, inhibit lactation of intact rats in doses of 0.5 
mgm. per day (3 litters), shoAving that if there is an inliibitoiy effect it 
can be preA’-ented (at this dose leA’^el) by the noimal cortical secretions. 

4. This Avas further illustrated by giAung 0.3 mgm. DCA per day plus 
2 cc. Eschatin to the adrenalectomized mothers of 4 litters. All the 3 ’'Oung 
were raised to Aveaning although growth AA-as not normal. 

5. Although these results might be interpreted as indicating that DCA, 
due to its lack of abilit 3 ^ to maintain a normal carbohydrate metabolism 
or for some analogous reason, is qualitatively incapable of sustaining 
lactation, such an interpretation is not necessaiy until the possibility 
that it acts as a direct lactation inhibitor is more completely ruled out. 

The influence of emotional excitement on the vago-insulin system and 

insulin content of the blood. E. Geluhorn, A. Allen (by inAdtation), 
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H. CoRTELL (by ill^^tation) and J. Feldman (by invitation). De- 
partment of Physiology, College of Medicine, University of Illinois, 
Chicago} 

I. Experiments on cats. Stimulation of the hypothalamus leading to 
sham rage causes a fall in blood sugar in cats with denervated adrenals and 
liver. After additional vagotomy sham rage causes a slight hj’-pergly- 
cemia (sympathin) which was masked b}* the stimulation of the vago- 
insulin system. Cats with sectioning of the spinal cord at the sixth 
cenncal level react with a hypoglycemia when confronted by a barking 
dog, but this effect was abolished b}^ subdiaphragmatic vagotom 3 \ 

II. Experiments on rats. Thej' were performed on normal (A), adreno- 
demeduUated (B), and adreno-demedidlated-vagotomized (C) animals. 
Emotional excitement w-as induced bj’^ the noise of fire-crackers and by 
struggle resulting from restraint. In both groups the A rats showed 
hyperglycemia, the B rats hj’^poglycemia, and the C rats no change in 
blood sugar. The experiments prove that emotional excitement leads to 
a discharge of the vago-insulin (V.I.) and sjonpathetico-adrenal (S.A.) 
systems, the effect on the latter predominating. 

III. Experiments in man. The insulin content of blood of excited 
psychotic patients is greatly increased when assaj'^ed on the hypophy- 
sectomized-adrenalectomized rat (cf. the abstract of the paper by Allen, 
Feldman and Gellhorn) in spite of the absence of a significant alteration 
in the blood sugar of the patient. Normal individuals when excited show 
a rise in blood sugar and no significant increase in the insulin concentration 
of the blood. The experiments suggest that emotional excitement leads 
to a discharge over both V.I. and S.A. .sj^stems, the effect on the fonner 
predominating in psychotics, whereas in the normal the excitation of the 
latter prevails. 

The effect of oxygen lack and inhalation of carbon dioxide on chemically 
induced convulsions. E. Gellhorn and L. Yesinick (bj’- invitation). 
Department of Physiology, College of Medicine, University of Illinois, 
Chicago} (Read bj’’ title.) 

Convulsions were produced in narcotized cats bj' the injection of metra- 
zol, picrotoxin, coryamyrtin, camphor, stiychnine and other drugs. The 
blood pressure w-as recorded from the carotid arteiy and the convulsions 
from the hmd leg. It was found that carotid sinus (C.S.) pressor reflexes 
are intensified under convulsions as seen by the fact that the blood pressure 
rise induced by adrenalin is less in the convulsant than in the non-con- 
\’ulsaut animal. Moreover, 6 to 8 per cent Oj inhibits convulsions rapidly 
in cats wdth deneiwated C.S. and divided vagi, whereas anoxia has no or 
ver 3 ' slight inhibitor 3 ’’ effects on the convulsions of the normal animal. 
On the other hand, 10 to 15 per cent C02 abolishes convulsions vlthin 
I or 2 minutes in the normal animal, but has onb’’ slight or no effects on 
the con\’ulsions of cats which have been deprived of the buffer nerves. 
The jicculiar reversal of the inhibitor^' effects of O 2 lack and CO 2 by de- 
nervation of the C.S. and vagi is thought to be due to the modifying in- 
fluence of the C.S. pressor reflexes on somatic excitabilit 3 ^ It Avas shown 
earlier (This Journal 129: P502, 1940) that C.S. pressor reflexes inhibit 

* .Aided by a Rrant from the .John and Mnrj' R. Markle Foundation and W.P.A. 
Project 30278. 
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convulsions. Since these reflexes are intensified in hypercapnia but 
weakened in anoxia, it is to be expected that they increase the inhibitory 
action of CO2 but diminish the inhibitory effects of anoxia in the normal 
animal. Consequently, CO2 exerts a greater anti-convulsant effect in 
the normal and anoxia in the “denervated” (buffer nerves eliminated) 
animal. 

The effects of glucose and of insulin on the metabolism of the isolated 
diaphragm of the rat. Chalmers L. Gemahll. Department of Physi- 
ology, Johns Hopkins University School of Medicine, < Baltimore, Md. 
Previous determinations (Bull. Jolms Hopkins Hosp. 66: 232, 1940; 
68 : 50, 1941) of the gl^’^cogen content of the diaphragm and of the glucose 
utilization from the medium have demonstrated that insulin aids in gly- 
cogen deposition. These ex^periments have been extended by making 
determinations of the total carboh3'^drate content of this preparation, of 
glucose utilization from the medium and of the respiratory quotients of 
the muscle sections without glucose, with glucose and vath glucose and 
insulin. 



WITHOUT 

WITH GLUCOSE 

WITH INSULIN (l.G U) 
AND GLUCOSE 


till 

0.2 

per cent 

0.5 

per cent 

0.2 

per cent 

0.5 

per cent 

Total carbohydrate, mgm. per 100 
mgm. (wet weight) per 3 hours . . . 

0.42* 

0.33 

0.79 

0.98 

1.24 

1.60 

Glucose utilization from medium, 
mgm. per 100 mgm. (wet weight) 
per 3 hours 


0.56 

1.23 

1.16 

1.99 

Oxygen consumption, mm.® O 2 per 
mgm. (wet weight) per hour 

0.96 

0.97 

1.03 

0.91 

0.93 

Respiratory quotients 

0.74 

0.86 

0.86 

0.91 

0.88 


* Beginning value. 


When glucose is not present in the medium, the disappearance of total 
carbohydrate is too small to account for the oxygen uptake. Therefore, 
a non-carbohj’^drate substrate is oxidized under these conditions. IVlien 
glucose is present, the total carbohydrate content of the tissue increases, 
the glucose content of the medium decreases and the respiratoiy quotient 
increases. Additional glucose in the medium augments the deposition 
but does not change the respiratory quotient. Insulin aids also in deposi- 
tion of total carbohydrate but does not affect the respirator}’’ quotient. 
The ox3^gen consumption of the diaphragm under, these various conditions 
is imchanged. 

Summation, after-discharge and rebound.. Robert Gesell. Depart- 
ment of Physiology, University of Michigan, Ann Arhor. (Read by 
title.) 

Summation and after-discharge are readily demonstrable phenomena in 
the nervous integration of the respiratorj'^ act. They are evokable in both 
the inspirator}’’ and expiratory half-centers by stimulation of sensory 
cutaneous nerves in which nociceptive afferents predominate. They occur 
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in both half-centers on stimulation of Hering’s ner\’-e in which chemoceptive 
fibers exert a powerful effect. They are seen on stimulation of the vagus 
neiwe. 

After-discharge is regarded as a normal and a probabi}’- highly important 
factor in the smooth operation of the central nervmus system rather than 
as an abnormal phenomenon arising from unnatural conditions. After- 
discharge is pictured as maintaining a continuous and adequately graded 
nervous drive, and the electrochemical conditions producing it may be 
crudely compared ndth the supply of steam upon which the steam engine 
draws. By vhtue of the principle of the precedence of stimulation and the 
associated machinery of reciprocal inhibition the “neiwous power” origi- 
nating in the neiwe cells and their dendrites may be switched from one half- 
center to the other. Despite the existence of a potential pow’^er of neiw^ous 
drive at both half-centers one center holds the other in abeyance and thus 
allows a coordinated shift in activity from one opposing half-center to the 
other. It is suggested that one fimction of the inteimmcial cells is to provide 
continuing drives bj'- virtue of their capacity of summation and after- 
discharge. 

The phenomenon of rebound is common in the respiratory act as it is in 
spinal integrations. It is thought to be intimately related to and ex- 
plainable "with thenid of the dual excitatory action of important respiratoiy 
receptors, the phenomenon of after-discharge, and the machineiy of 
reciprocating interaction of half-centers. 

The expiratory component in breathing during pneumothorax. Robert 

Gesell and Carl Moyer (by invitation). Department of Physiology, 

University of Michigan, Ann Arhor. 

The commonl}'- described effect of pneumothorax is a pow^erful inspha- 
toiy tetanus. This stands in marked contrast wnth the expiratory tetanic 
response to artificial inflation of the lungs. Our evidence, in agreement 
^vith Head, points to the fact that these diametrically opposite responses 
are individual reflexes; that the inspiratory contraction is supported by 
the collapse of the lungs and is not a negative response to a weakening of 
the expiratory vagal stretch reflex. Inspiratory and exphatory tetani 
are interrupted in each case by a progressively increasing activity of the 
opposing center. An increasing expiratoiy component during pneumo- 
thorax is readily demonstrated in the dog by recording the circumference 
changes of the torso. \^Tiile pneumothorax ahvays elicited a poiverfui 
inspirator3’ contraction, inspiratory tetanus w-as relativel}'’ uncommon. 
Instead, the frequency of respiratoiy movements Avas greater than normal. 
That was interpreted to mean the existence of a powerful expiratory com- 
ponent capable of interrupting and of balancmg the newfly created inspira- 
toiy drive. This expiratory component is seen to increase by the in- 
creasingly deeper expiratory excursions as pneumothorax continues. 
These expiratoiy contractions ma3' eventuall.A* over-constrict thc_ torso. 
As the expiratorj' component grows in power, the so-called “expiratorj^ 
pauses” increase in length and breathing becomes slower than nonnal. 
This frequency effect is attributed to a disturbance in the balance of the 
inspiratorj' and expiratorj’^ drives in which the reciprocal inhibition of the 
inspiratorj' half center by the now predominant expiratoiy drive giws in 
effect. If at this stage the pleural air be removed, this super expiratory^ 
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activity is seen to continue temporarily as an after phenomenon. Despite 
a higlil}’- asphjcdal condition of the animal (for no air was moved during 
pneumothorax) a prolonged apnea frequently occurs. As the after ex- 
piratoiy activity diminishes the frequency of breathing increases. 

Three sources of expirator}’- drive during pneumothorax are suggested. 
1. Each coUapse receptor, like the stretch receptors, may be connected 
with both half-centers and thereby exert a dual stimulation. 2. As- 
phyxia adds both expiratory’' and inspiratory chemical drives. 3. Excessive 
stretching of the expiratory muscles by the augmented inspiratory con- 
tractions sets up expiratoiy reflex stimulation. 

Proprioceptive reflex effects arising from deformations in the lungs and 
torso. Robert Gesell and Carl Moyer (by invitation). Uni- 
versity of Michigan, Ann Arbor. (Read by title.) 

Mechanically controlled barometric pressures producing selective in- 
flation or deflation of the lungs or selective expansion or compression of the 
torso revealed deformation reflex effects on breathing. 

Sustained positive pressure applied to the torso under conditions avoid- 
ing pulmonary’- deformation increased the frequency of breathing. The 
effects were slightly’ greater when puhnonaiy deformations were included. 

Sustained negative pressure under similar conditions decreased the 
frequency of breathing. These effects were markedly’ greater when 
pulmonary deformations were included. 

Rhythmic fluctuations of pressure confined to the outer surface of the 
torso alone readily’ established corresponding respiratory rhythms. The 
compression deformation threshold of the torso for the stimulation of 
inspiration as measured by the deformation pressures used was relatively 
uniform. Supra tlweshold deformation, however, prolonged and increased 
the intensity of inspiration. 

Comparable fluctuations of pressui’es designed to control the deformation 
of the lungs alone (but unavoidably acting on both sides of the chest wall) 
yielded comparable results. 

The prolonged expiratoiy response produced by’ pulmonary inflation 
classifies the stretch reflex as predominantly expiratory’. 

The prolonged inspiratoiy response frequently’ produced by pulmonary 
deflation classifies the collapse reflex as predominantly’ inspiratory’. 

The sudden interruiition of an established apneustic inspiratory’ con- 
traction by’ lung inflation is explained by the reciprocal inhibition of the 
inspiratory half center by’ the direct activation of the expiratory’ half 
center. 

Demonstrable inspiratoiy excitatory’ action of the stretch reflex supports 
the dual excitatory’ action of the pulmonary stretch reflex. 

Preliminary’ experiments point to the possibility’ of a similar dual ex- 
citatory action of the pulmonary’ collapse reflex. 

The activity of single motor units in voluntary movements. A. S. Gilson 
and W. B. Mills (by’ invitation). Department of Physiology, Wash- 
ington University School of Medicine, Saint Louis, Mo. 

Electrograms from single motor units have been recorded from normal 
human subjects during slight volitional efforts. If the movement be 
sufficiently slight and sufficiently’ brief, there is a single discharge of the 
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recording unit with each volitional effort. Between efforts the muscle 
may show no sign of motor activity. , Similar records from a pair of 
opposing muscles, as for example a finger flexor and extensor, may show 
single motor unit discharges with each flexor or extensor effort, respectively. 
If a quick and somewhat more intense effort be made, there appear dis- 
charges of other units. The units of lower threshold then show an ap- 
parent reduction of latency'' so that there is a corresponding tendency to 
summation of spike potentials. If the quick movement be prolonged as 
a smoothly maintained tension effort, the initial responses are followed by 
a continued rhythmic motor-unit response, the discharge of a given unit 
being maintained at a rather constant rate until the tension is released. 
If more than one unit is responding each continues with its own rate of 
response so that the discharges quickly become quite asjmchronous. If 
two or more units are brought into sustamed actmty successively the one 
of lower threshold has, in our experience, invariably continued in acthdtj’’ 
without alternation or interruption as long as the movement pattern has 
remained unchanged. 

Quantitative effects of electrolytes and heparin on the second phase of 
blood coagulation.^ Anthony J. Glazko (bj’’ imntation) and John 
H. Ferguson. Department of Pharmacology, University of Michigan, 
Ann Arhor. 

The action of immediate antithrombins is sharph’’ differentiated from that 
produced b}’’ progressive antithrombins. The Imetics of the thrombin- 
fibrinogen interaction are studied in the presence of various immediate 
antithrombins. It has already been shovm by Glazko and Greenberg 
(Am. J. Physiol. 128 : 399, 1940) that polyvalent anions and heparin in 
the presence of its co-factor, both produce similar inhibitory effects on 
blood coagulation. Using heparin and various electroljdes, it is now 
demonstrated that, for a given thrombin preparation, the clotting-time 
is dircetb'^ proportional to the concentration of immediate antithrombin. 
The prolongation of the clotting-time wdth increasing concentrations of 
inhibitor varies inverse^ with the thrombin concentration. The anti- 
thrombic effects of heparin, salts, and naturallj’^-occuring inhibitor arc 
compared by referring the clotting-times to the concentrations of potassium 
ferrocyanide required to produce the same degree of inhibition. A new 
principle for the assay of thrombin (activated prothrombin) is outlined, 
based on the increment in clotting-time produced hy known concentrations 
of ferrocyanide. This method is compared with other methods now in use. 
An accelerating effect which is produced by traces of immediate anti- 
thrombins under certain conditions is also described. These results sup- 
port the hypothesis that thrombin and fibrinogen combine in an enzyme- 
substrate type of complex prior' to the formation of fibrin. 

Blood volume changes in men exposed to hot environment conditions 
for a few hoiurs. Nathaniel Glickman (by intytation),_ M. M. 
IMontgomery (b}' invitation), Ford K. Hick (by invitation) and 
Robert W. Keeton. Department of Medicine, University of Illinois 
College of Medicine, Chicago. 

Early reports of studies on blood volume changes occumng in variou.s 
' .\psiptr'cl by a Rrant from the Horace H. Rnckham research fund. 
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environments, using indirect methods (hemoglobin, total solids, etc.) 
showed somewhat conflicting results. Later studies, using direct methods 
(dye injection or carbon monoxide) jdelded consistent results in experi- 
ments of prolonged exposure. Previous work has indicated that plasma 
volume is not constant from one week to the next. Hence, it was deemed 
necessary to determine on the same morning the control and experi- 
mental plasma volmne. The d 3 ’-e, T-1824, was used. 

Normal subjects, male medical students, were observed in an air con- 
ditioned room. They were at basal ^’ondition, nude, and had spent the 
night in the experimental room tmder comfortable conditions (28.6°C 
dry bulb and 19.7°C wet bulb). The second plasma volume was made 
after a predetermined length of exposure to the desired hot environment 
(drj’’ bulb 37.2°C or 44.4°C, wet bulb 18.7 to 30.1°C). This compelled 
the heat loss to be entirely evaporative. 

Changes in plasma volume, hemoglobin, hematocrit, total proteins, 
A/G ratio, red and white blood cells, pulse rate, bodj'- temperature and 
weight loss vdll be reported. 

In 6 experiments (exiiosure of 59 to 160 min.) there was an increase in 
circulating plasma volume, red cell mass and serum proteins. In 4 ex- 
periments (exposure of 69 to 226 min.) there was a decrease in circulating 
plasma volmne and variable changes in the red cell mass. In 14 experi- 
ments (exposure of 60 to 205 min.) there were no si^ificant changes in 
circulating plasma volume, red cell mass, serum proteins or blood counts. 

The data indicate that 1, with increase in plasma volume the new fluids 
were contiibuted bj’’ blood from the bodj’’ reservoirs; 2, vnth decrease in 
plasma volume water was lost b 3 ’- evaporation from the blood plasma; 
and 3, with no change a sunnnation of the two adjustment factors de- 
scribed above neutralized each other. Thus a considerable quantit 3 ’’ of 
fluid can be requisitioned from the tissues and evaporated from the blood 
plasma without affecting the circulating plasma volume. 

The non-coagulability of menstrual fluid. Helen I. Glueck (by invita- 
tion) and I. Arthur Minsm'. The May Institute for Medical Research, 

The Jewish Hospital, Cinemnati, 0. 

Much speculation still exists concerning the factors responsible for the 
non-coagulability of menstrual fluid. This report deals with an investi- 
gation of this problem by means of more modern methods. The blood 
was collected from normal female subjects by means of a Ramses pessaiy 
inserted during the night and removed in the morning. From 2 ml. to 
10 ml. of menstrual fluid was thus collected in from 8 to 10 hours. 

Coagulation did not occur Avhen the menstrual fluid was mixed mth an 
equal volume of a preparation of prothrombin free fibrinogen (Smith, 
Warner and Brinkhaus. J. Exper. Med. 66: 801, 1937) or when mixed 
■with an equal volume of activated serum thrombin preparation (Smith, 
Warner and Brinkhaus). However, when the menstrual fluid was mixed 
with the thrombin preparation plus fibrinogen, coagulation occurred 
wthin the same inteiwal of time as did the control which consisted of a 
mixture of equal volumes of saline, thrombin, and fibrinogen. 

When menstrual fluid was mixed "Nrith equal volumes of calcium chloride 
(0.28 per cent) thromboplastic substance (Quick. Science 92: 133, 1940) 
and fibrinogen, coagulation did not occur. 
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The addition of menstrual fluid to a solution of fibrinogen and thrombin 
did not prevent the coagulation of the fibrinogen. 

The above studies suggest that normal menstrual fluid does not contain 
prothrombin, thrombin, fibrinogen which can be activated, or anticoagu- 
lants. The mechanism responsible for the absence of these factors in the 
menstrual fluid will be discussed. 

Thyroid extract and dinitrophenol on intestinal motility. N. M. Glyer 
and M. J. Oppenheimer (introduced by D. A. Collins). Department 
of Physiology, Temple University, School of Medicine, Philadelphia, 
Pa. (Read by title.) 

A study was made of the effects of thyroid extract and alpha 1,2,4, 
dinitrophenol sodium upon the rate of intestinal contractions. The test 
objects were trained dogs with intestinal loops exteriorized at various 
levels, with nerve and blood supply intact, and unstimulated b 3 ’' distention. 

Thyroid extract (0.4-0. 6 gm/kgm.) was administered by mouth in single 
daily doses for 14-50 daj’-s. Dinitrophenol (0.015 gm/kgm.) in single sub- 
cutaneous doses was studied in acute experiments. 

Thyroid extract in doses which have been shown to elevate metabolism 
fifty percent, does not increase the rate of contraction except in a loop 
placed just above the ileocecal valve. Tliis was the lowest of eight loops 
studied. Dinitrophenol in doses which have been shown to elevate metab- 
olism two hundred to five hundred percent, does not increase the rate of 
contraction. 

The propagation and distribution characteristics of the action potential 
in the frog’s semi-membranosus, sartorius, and biceps muscle.’ 
Harold Goldberg (b}-' invitation) and J. A. E. Eyster. Department 
of Physiology, University of Wisconsin, Madison. 

A study of the frog’s gastrocnemius muscle excited through its motor 
nerve previouslj'- reported showed that the axial action potential distribu- 
tion along the surface is polar and not simply propagated. The potential 
distribution is non-propagated during the fii’st f and last f of the action 
potential time duration and propagated onlj’- during the intervening 
interval. 

The same techniques, the method of instantaneous field distribution 
determinations and the method of simultaneous recording of unipolar 
and differential potential time curves, have been applied to the semi- 
membranosus muscle excited through its motor nerve. The distribution 
in this case is also polar and shows the same relative intervals of propaga- 
tion and non-propagation found in the gastrocnemius. The distribution 
at anj*- instant, however, is more complex than that for the gastrocnemius. 

The method of simultaneous unipolar and differential potential time 
cur\'es, which Nuelds information as to the propagation characteristics and 
polar nature of tlie distribution without revealing indhddual details has 
also been applied to the sartorius and biceps muscles excited through their 
motor nerves. These too show a polar distribution whose propagated 
inten'als again give the same distribution as those in the gastrocnemius. 

The results of this studj’' for four muscles of the frog, each excited 
through their motor ncn'c, the gastrocnemius, semi-membranosus, sar- 

’ .Supported in part by a grant from the Wisconsin Alumni Rcse-'irch Fotindation. 
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torius, and biceps, shows that the axial action potential distribution along 
the surface in each is polar, is non-propagated during the first | and last f 
of the action potential duration, and is propagated in the intervening 
period. 

Forced intestinal drainage as a method of extrarenal elimination of urea. 
Arnoldus GoUDSi^nT. Gastrointestinal Section of the Medical Clinic, 
University Hospital, and the Department of Physiology, The School of 
Medicine, University of Pennsylvania, Philadelphia. (Read by title.) 
A modified small intestinal tube of the Miller-Abbott type with a 
balloon communicating with one lumen, was passed through the stomach 
and duodenum, and the tip was allowed to proceed well into the upper 
jejunum. The balloon placed immediately oral to the tip, was then 
inflated. A hypertonic solution of sodium sulfate was introduced at 
regular intervals directly into the duodenum bj'^ means of an additional 
lumen. To, secure the intestinal contents suction was applied immediatelj^ 
proximal to the balloon. Additional means were provided for introducing 
fluid beyond the tip, to avoid deh 5 ’^dration. The volume of the aspirated 
fluid and its content of ammonia, urea, chloride and sulfate were 
detennined. 

Thi’ee normal human volunteers and two patients -vuth far advanced 
renal insufficiency were studied. The average volume of the fluid re- 
moved amounted to 655 and 399 cc. per hour for the nonnals and the 
patients, respectively. The average concentration of urea in the drained 
fluid was 93 and 75 per cent of that in the blood for the normals and the 
patients respectivel 3 % These concentrations compare favorably with 
those observed in peritoneal lavage fluids. In one patient, in the course 
of seven hours and fortj'' minutes, 3300 cc. of fluid, containing somewhat 
more than ten grams of urea, were removed. From the other patient, 
who had approximately one half as much urea in the blood, more than 
four grams were removed in seven hours and fort 3 '^-five minutes. As was 
expected no significant changes in the concentration of urea in the blood 
were observed subsequent to these drainages. It is suggested, never- 
theless, that a procedure similar to the one described but extended over a 
longer period of time ma 3 '’ be useful in supplementing temporaril 3 ’- the 
excretor 3 ’' functions of the kidne 3 ’', in conditions where the organ is the 
seat of severe disease. 

Bromide space, thiocyanate space and the measurement of extracellular 
fluid volume. Arnoddus Goudsmit, Lawrence Louis (b3’- invitation) 
and John C. Scott. Departments of Physiology, University of Penn- 
sylvania and Hahnemann Medical College, Philadelphia. 

A definite volume of a solution containing a mixture of approximately 
31 milliequivalents of sodium bromide and 12 milliequivalents of sodium 
tluocyanate was injected intravenousb’' into normal male human subjects. 
At various intervals thereafter blood was di’avm and the serum analyzed 
for bromides and thiocyanates. A control sample of blood taken before 
the injection was subjected to the same procedures. Loss of bromides and 
thiocyanates with the urine was determined. The difference of the 
amount injected and the amount excreted divided b 3 '^ the concentration 
per kilogram of seiTim water was calculated to indicate bromide space 
and thioc 3 ’-anate space, respective^’', at a given time. 
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The control samples always contained materials behaving as bromide 
and as thiocyanate. Failure to take this into consideration might have 
changed the values calculated as bromide space as much as eight per cent 
and the thiocyanate space as much as seventeen per cent. Thiocyanates 
usually are present in higher concentration in the serum of smokers than 
in the serum of non-smokers. 

Bromide space invariably is larger than thiocyanate space. Taking 
the values corresponding to ninety minutes after the injection, the excess 
in seven experiments amounted to an average of 1.90 kilogram (s.d. ± 
0.43) or 11.2 per cent (s.d. ± 2.5) of the bromide space. Both bromide 
space and thiocyanate space are minimal shortly after the injection. 
Their values increase steadily so that between 90 minutes and 400 minutes 
after the injection they have increased an average of 1.75 and 0.88 kgm., 
10.5 (s.d. dr 1.3) and 6.8 (s.d. rt 3.6) per cent of their values at 90 minutes, 
for bromides and tliiocyanates respectively. Nevertheless in the majority 
of instances no further increase is noted beyond eight to sixteen hours 
after the injection indicating that at such times bromides and thiocyanates 
have reached their final distribution. These final volumes might well 
prove to represent spaces of definite biological significance. 

The support of the John and Mary Markle Foundation is gratefully 
acknowledged. 

The oxidation of estrogens by phenolases. Mark Gratjbard^ and 

Gregory Pincus. TJie Physiological Laboratories, Clark University, 

Worcester, Mass. 

A phenolase characterized as laccase prepared from the mushroom 
Russula delica was foimd to oxidize the estrogenic substances estriol, 
estradiol and estrone. These latter are extremely insoluble in water but 
were made available for enzymic action by having the mixture in a 26.66 
per cent concentration of alcohol. This concentration does, not inactivate 
the enzyme. Oxygen uptake is measured in Warburg respirometers. 
UTienever an uptake of oxygen is observed a precipitate appears in the 
system. Addition of boiled enz 5 mie shows no oxygen absorption and 
leads to no formation of a precipitate. By the same methods laccase 
was found to have no action on dehydroandrosterone, testosterone and 
progesterone. 

Since mushroom tyrosinases are often mixed with laccase, potato 
tyrosinase was used with the above estrogenic and androgenic substrates 
and was found not to act on any of them. 

The action of the cytochrome o.iddase-cytochrome sj^stem was tried 
upon the same substrates because Of the general resemblance tliis system 
beam to laccase.. It was found that the minimum amount of alcohol 
necessary to keep the substrates in solution was sufficient to inactivate 
the oxidase. The substrates were therefore suspended in lecithin under 
which circumstances they are acted upon by laccase. The cytochrome 
oxidase system was found under these conditions not to act upon any 
estrogens or androgens. 

> Fellow of Finney-Howell Research Foundation. 
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The effect of inorganic ions on gastric secretion in vitro. John S. Gray 
and J. L. Adkison (by invitation). Department of Physiology and 
Pharmacology, Northwestern University Medical School, Chicago, III. 
We have previously shown that the isolated gastric mucosa of the frog 
will secrete acid when properly mounted in a bath consisting of two 
chambers separated by the gastric membrane (Am. J. Physiol. 130: 327, 
1940). The effect of changing the concentration of inorganic ions in the 
nutrient solution on this in vitro secretion has been investigated. In 
eleven control experiments the pH of the secretory solution fell to an 
average level of 2.9 in five hours. Wfiien the calcium ion concentration 
was doubled, or the ion omitted entirely, the pH fell more slowly, did not 
fall as far, and began to rise again after several hours. Doubling or 
removing the potassium ion had similar but less extensive effects. Altera- 
tion in either direction of the Mg ion concentration resulted in mild 
inhibition, consisting mainly in delaying the onset of secretion. The 
omission of PO4 or HCO3 ions had the least effect, in fact the lowest pH 
so far recorded, namel}'', 1.49, occurred in the absence of HCO3 ion. 

Colon activity in the intact animal. Stephen W. Gray (introduced b3’- 
F. R. Steggerda). Department of Physiology, University of Illinois, 
Urhana. (Motion picture demonstration.) 

By synchi’onizing the x-ray tube and shutter action of a motion picture 
camera, pictures of colonic activity and defecation were taken from the 
fluoroscopic screen at a rate of 3 per second. In all cases the colon had 
previously been made opaque to x-raj's vdth barium enemas or thorotrast 
injections into the walls of the colon, and the animals used were unan- 
esthetized. 

The equipment used allowed continuous pictures to be taken for periods 
up to 15 minutes, at 88 to 98 kilovolts and 10 to 20 milliamperes. The 
actual calculated amount of radiation given the animal was far less than 
the estimated erythema dose. 

Studies on the colon of the intact animal. Stephen W. Gray (by invita- 
tion) and F. R. Steggerda. Department of Physiology, University 
of Illinois, Urhana. 

Cine-radiographs of colonic activity in the intact unanesthetized dog 
and cat were taken at the rate of 3 per second. The colons were visualized 
bj’’ either injecting thorotrast into the %valls of the colon or by the giving 
of barium enemas. 

Under the conditions of the expeiiment the most common movements 
of the colon were antiperistaltic waves. In the cat these are confined 
to the transverse and ascending portions of the colon, while in the dog, 
the middle segment is the most active. The waves occur at a rate of 
five to seven per minute. Antiperistalsis is not dependent upon the 
quiescence of the animal. 

The act of defecation has been observed in both the cat and the dog 
with either of two types of movements being responsible for the passage 
of the semi-liquid enema material, one originating in the lower colon and 
the other in the upper portion. The latter tjqie is produced bj’’ a tonic 
contraction of the whole upper colon -with a longitudinal shortening of the 
entire bowel. Before the expulsion of feces has entirety ceased strong 



P300 


AMERICAN- PHYSIOLOGICAL SOCIETY 


antiperistaltic movements, from six to ten per minute, commence in the 
middle of the colon and refill the upper part in spite of rather definite 
tonic contraction. All during the time the obsen^ations -were made, the 
lower colon remained surprisingly inactive. 

The influence of sex on hepatic glycogen formation and destruction. 
Isabelle Geayman (bj'- invitation), Norton Nelson (by invitation) 
and I. Arthur Miesky. The May Institute for Medical Research, 
The Jewish Hospital, Cincinnati, 0. 

Deuel and his co-workers (J. Biol. Chem. 104: 519, 1934) have observed 
that fasting results in a more rapid depletion of the liver glycogen of the 
female than that of the male. In view of the unportance of this phe- 
nomenon, their studies were repeated using a slightly different approach. 

After a preliminary fast of 18 hours, male and female rats were ^ven 
a subcutaneous injection of 200 mgm. glucose per 100 gram of bod 3 '- weight. 
The blood sugar and liver glj’-cogen were determined in different animals 
at various inten'-als for six hours after the injection of glucose. In that 
manner the rate of formation and destmction of liver glycogen was 
obtained. 

The blood sugar curve revealed a more rapid return to the fasting initial 
level in the female rats than in the male rats. At the same time, the 
curv’-e of hepatic gl 3 ’-cogen revealed a lower peak and a more rapid return 
towards the fasting level in the female than in the male. These observa- 
tions are in accord with those of Deuel et al. and suggest that an in- 
creased demand for carboh 3 '-drate by the extrahepatic tissues occurs in 
the female. The significance of this data will be discussed. 

Diabetic herbivora. Paul 0. Greeley. Department of Physiology, 
School of Medicine, University of Southern California, Los Angeles. 
The depancreatized rabbit and goat have been studied vfith regard to 
blood sugar levels, glycosuria, ketonuria, survival without insulin, weight 
changes with and "nfithout insulin, and fasting nitrogen excretion.^ 

Both of these animals were able to sundve for a considerable tme -with- 
out insulin. Both had elevated blood sugars when fed, the rabbit’s being 
on the average about 400 mgm. per cent, and that of the goat about 
220 mgm. per cent. After several days of fasting, the blood sugars fell 
to normal levels. Ketonuria was constant^’- present in the goat but 
rarely observ^ed in the rabbit. Glycosuria attains a maximum of about 
50 gm./24 hrs. in each animal. Iii order to gain weight and approach 
a normal state insulin was requued. The fasting nitrogen excretion was 
apparentl 3 ' about the same as found for the fasting normal animal. 

Zero blood pressure level.’^ Harold D. Green. Department of Physi- 
ology, Western Reserve University Medical School, Cleveland, 0. 

In man 3 ’^ problems the value of quantitative venous, intraventricular, 
or atrial pressure curs'^es from vaiious regions of the conducting s 3 '-stem 
depends on the accurac 3 ’- Avith Avhich zero pressure is determined. If, m 
such experiments on man or animals with closed chests, the center of the 
A’cntricle is taken as the zero prc.ssure level, an error is incurred due to tiie 

* .-\ided by a grant from the Commonwealth Fund. 
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effect of the difference between atmospheric pressure and the intra- 
thoracic pressm-e surroimding the central vascular structures. It is 
suggested, therefore, that the zero reference plane be placed at a distance 
vertically below the center of the ventricle equal to the negative intra- 
thoracic pressure in centimeters of blood. 

'V\Tben optically recorded pressure records are used for the purpose of 
determining quantitatively cardiac work, peripheral resistance, ventricular 
filling pressure, etc., it is preferable to record simultaneously the pressure 
proximal to and that distal to the portion of the vascular bed being studied 
and then to measure the difference. It has been the practice of some 
investigators in making this type of study to take each cannula tip as the 
zero level of pressure for its manometer regardless of differences in level. 
This arrangement requires use of correction terms to account for the 
differences in zero level of the manometere, i.e., the Z terms in the Bernouille 
equation Pi + Vi/2g + Zi + H = P 2 + V2/2g + Z 2 + F. If, however, 
one uses the same zero plane for all manometers, then the Z terms reduce 
to zero and the recorded pressures (P terms) automatically take into 
account differences in level of the cannulae. The equation then states 
that the difference in pressure head plus the difference in velocity head 
between the two points equals the energy added by the heart minus the 

friction loss (P 2 — Pi) + ( ^ H— F. It is recommended in this 

type of experiment, therefore, that regardless of differences in the height 
of the various cannula tips, the optical manometers be calibrated simul- 
taneously from a mercury manometer, the zero level of which is set as 
suggested above. 

Vitamin A and other fluorescent substances in the retina. Ruven 
Greenberg and Hans Popper (introduced by F. T. Jung). Depart- 
ment of Physiology and Pharmacology, Northwestern University Medical 
School, Chicago, and the Cook County Graduate School of Medicine, 
Chicago, III. 

Thin frozen sections of the albino rat eye were mounted wet and exam- 
ined in ultraviolet light for their ^dtamin A content (bright green fluo- 
rescence which fades vnthin one-half minute of irradiation) according to 
the method of Querner (Klin. Wchnschr. 2: 1213, 1935) and of Popper 
(Proc. Soc. Exper. Biol, and Med. 43: 133, 1940). 

The preliminary report of von Jancs6 and von Jancs6 (Biochem. Ztschr. 
287: 289, 1936) showed that vitamin A is present in the light adapted 
retina and absent from the dark adapted retina, consistent vnth Wald’s 
formulation of the visual cycle. 

We have confirmed and extended these results. Vitamin A is distribut ■ 
in the eye in two ways: 1, m the ciliary processes, its presence depends on 
the nutritional status, and is independent- of the state of light adaptation; 
and 2, in the pigment epithelium and in the rod and cone layer the presence 
of vitamin A does not depend on the nutritional state, but on the state of 
light adaptation. Within the limits of the method there may be some 
reduction in amount in vitamin A deficiency. 

In the ciliary processes the vitamin A is present in droplets in the capil- 
lary endothelial cells and in the fixed connective tissue cells. In the 
pigment epithelium the vitamin A is present in small droplets and in thin 
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filaments connecting the droplets, arranged at the comers of the hexa- 
gonally shaped cell. The pigment epithelimn contains most %dtamin A; 
the rod and cone layer only traces. 

In addition the eye showed two other types of fluorescence, not due to 
vitamin A, wliich varied with the state of light adaptation: 1, in the dark 
adapted eye a homogeneous, mst-colored, non-fading, background fluo- 
rescence is seen in the pigment epithelium, the rod and cone la 3 ’^er, and 
the outer molecular layer; 2, in the light adapted eye, this is replaced by a 
yellow, homogeneous, non-fading, fluorescence. The basis of this change 
is not yet known. 

The diabetes of depancreatized dogs made more severe by administration 
of foreign proteins, bacteria and locally irritating substances. James 
A. Greene and Ann David (by imdtation). State University of Iowa, 
College of Medicine, Iowa City. 

It has been generally accepted that, during an infection or following 
the injection of a foreign protein, human diabetes becomes more severe 
because of a decrease in insulin secretion. If this be true, the diabetes of 
depancreatized dogs should not become ivorse under similar conditions. 
Depancreatized dogs whose diabetes had become stabilized were given 
injections of t 3 ^hoid vaccine, slummed milk, cultures of living bacteria, 
and turpentine. There ivere 23 observations upon 7 dogs. The periods 
of observation varied from 12 to 66 da 3 ^s. The diabetes w^as not altered 
in 7 experiments. It was made only slightly more severe in 5, moderately 
more severe in 10, and extremel 3 ’’ severe in 1 ; 1 dog developed an extreme 
exacerbation spontaneous^. Lipocaic deficienc 3 ’^ did not alter tins 
reaction in 1 dog, nor did the presence of small portions of pancreas in 

2 dogs. The liver of 1 dog was Med with acacia wdthout altering the 
reaction. 

These observations demonstrate that the diabetes of depancreatized 
dogs can be made more severe, and render untenable the theor 3 ' that 
decreased insulin secretion is the cause of an increase in the severit 3 ^ of 
human diabetes during an infection or after the injection of a foreign 
protein. The mechanism of this is not clear. Lipocaic deficienc 3 ' is 
apparent^ not a factor. 

Postnatal treatment of rats with sex hormones : the permanent effects on 
the ovary R. R. Greene and M. W. Btjrrill (introduced by A. C. 
Iv 3 ’^). Department of Physiology and Pharmacology, Northwestern 
University M edical School, Chicago, III. 

Female rats were given daily treatment vdth chorionic gonadotropin, 
progesterone or testosterone propionate during the first 2 to 4 weeks of 
life. Others were given single large doses of testosterone propionate or 
estradiol dipropionate at birth. Sixty-three of these animals ■were killed 

3 to 18 months later. The ovaries in each treated group were uniforms 
small and no recent or old corpora lutea were present. Marked^" en- 
larged ordducts showing inflammator 3 '^ changes were found in animals of 
the chorionic gonadotropin, androgen and estrogen groups. Vaginal 
cornification and squamous metaplasia of the uterus were found in some 

^ Aided in part b5' a grant from the JogiahMacy Jr. Foundation. 
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animals of all the groups. This latter finding is indicative of constant 
estrogenic _ stimulation. In agreement with this, constant estrus smears 
were obtained in animals of the estrogen and gonadotropin group which 
were smeared dail 5 ’- for several months. However, the smears became 
diestral in type after administration of large doses of chorionic gona- 
dotropin and, at autopsy, large corpora lutea Avere found in the ovaries. 

It is apparent from this latter finding that the primary disturbance in 
these animals is in the anterior pituitary and not in the ovaiy. This 
alteration in pituitarj^ gonadotropic fimction cannot, howeA^^er, be con- 
sidered as due to a “masculinization” of this gland as has been claimed. 
It seems that the administration or forced production of large amounts 
of any of the sex sterols in the A^ery young female rat is capable of perma- 
nently altering pituitary gonadotropic function. 

Secretinase.' Harry Greengard, Irving F. Stein, Jr. (by invitation) 
and A. C. Ivy. Department of Physiology and Pharmacology, North- 
western University Medical School, Chicago, III. 

The typical response of the pancreas to a single injection of secretin is 
an initial rapid secretion AA^hich gi-adually diminishes and finallj'- ceases, 
indicating a disappearance of. the hormone from the circulation. This 
may occur as a result of destruction, excretion, or storage of secretin. 
The possibility of its destruction in the blood stream AA^as investigated bj'’ 
incubating a standard amount AAdth samples of blood and noting the 
response of the pancreas to such mixtures AAdth reference to that elicited 
by control secretin injections. It AA'as observed that such incubation 
inactivated the secretin to an extent depending on the time in incubation. 
Inactivation AA'as obtained AA’ith dogs’ Avhole blood, plasma, or serum, and 
not A\dth Avashed colls. The serum or plasma Avere deprived of their 
secretin-inaettyating poAA’er b}’’ heating to 60° for half an hour. The 
temperature of incubation definitely affected the rate of secretin inaettya- 
tion, and the optimal temperature Avas 35-40°C. The rate of inactivation 
also varied directly AAith the quantity of serum used, ^^^lile the extent 
of inaettyation Amried someAAdiat in indmdual blood samples, it AA^as in 
all cases progressive AAdth time and complete m 4 to 12 hours. There AA'as 
no inacth’-ation outside the pH range of 5 to 9; the optimum reaction aa^s 
at pH 7.0-7. 5. All these findings indicate that the mechanism of secretin 
inaettyation is an enzymic one, and it is concluded that the blood serum 
of dogs contains a secretinase. This principle has also been demon- 
strated in human blood and in beef blood. 

Some biological properties of metakentrin and thylakentrin. R. 0. 
Greep, H. B. van Dyke and Bacon F. Chow (by invitation). Division 
of Pharmacology, Squibb Institute for Medical Research, New Bruns- 
wick, N. J. 

Using chemically pure metakentrin (ICSH) and biologically pure 
thylakentrin (FSH) extracted from hog pituitaiy glands Ave have rein- 
vestigated many previous studies that had been made Avith preparations, 
the purity of Avhich had not been as fully ascertained. While much of 
our data is confirmatoiy in nature, a feAv striking departures from reported 

1 Aided in part by a grant from the .Tosiah Macy Jr. Foundation. 
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findings have been encountered. The data all demonstrate that the 
principle of duality, as applied to extractable pituitary gonadotrophins 
by Fevold and Hisaw, appears to be established, 

Metakentrin stimulated the gonadal interstitial cells of hypophy- 
sectomized male and female rats and normal male pigeons. This stimulus 
evoked secretory activity only in the male rats and this reaction, measured 
by the response of the anterior prostate gland, was shown to be a specific 
reaction to this pure gonadotrophin. Upon this basis a method of assaying 
metakentrin quantitatively has been evolved. 

Thylakentrin produces a more selective histological change in the testes 
than does metakentrin since the reaction is not complicated by secondary 
androgen stimulation. A satisfactor 3 '- assay of thylakentrin has been 
carried out depending upon the weight increase of the testes of hypophy- 
sectomized immature rats. 

Thylakentiin in high dosage of protein over 10 daj’-s caused develop- 
ment of graafian follicles -without estrogen secretion (histology of uterus 
and vagina, uterine weight) or luteinization in hypophysectomized im- 
mature female rats; if metakentrin was administered the last 5 days, 
estrogen secretion could be detected witliin 48 hours and rapidly progressed 
to complete estrogenic development of the uterus and vagina accompanied 
by luteinization and some augmentation of ovarian weight. Metakentrin 
alone in high dosage over 10 days caused only stimulation of interstitial 
cells. 

The pre'vdousb'- reported ability of the luteinizing fraction (Creep. 
Endoerinolog}’’ 23: 154), acting alone to destroy the corpora lutea per- 
sisting in hypophysectomized adult female rats, has not been confinned 
in limited tests with metakentrin. However, the functional capacity of 
the corpora lutea of pseudopregnancy in rats was not maintained by 
metakentrin follovdng removal of the pituitary, as determined by the 
absence of a decidual response. 

The ability of metakentrin to antagonize the action of mare serum 
gonadotrophin was also investigated. 

Observations on the accuracy of the thermostromuhr.^ D. E. Gregg, 
W. H. Pritchard (by in-vitation), R. W. Eckstein (by in-vitation), 
T. W. Steege (by invitation) and J. T. IYearn. Department of Medi- 
cine, Western Reserve University, Cleveland, 0. 

The direct current thermostromuhr of Baldes was constructed using 
improved lacquers and lead wires thereby largely eliminating shorts, 
and breakage of lead vires in chronic experiments. The units were 
calibrated vith an artificial circulation s.vstem and rotameter and then 
applied to coronaiy arteries of normal dogs for two to six weeks. In some 
the galvanometer readings were reasonably constant. Then the units were 
recalibrated either in situ or on the same artery removed to the schema. 

Each calibration curve can be duplicated within 10 per cent, but curves 
obtained at the end of an experiment general^' differ widely from the 
initial curve. Similarly, curves differ considerably on the same umt 
applied to various vessels in different dogs or in a schema. Accordingly, 
effects of manj' j)h 3 'siological \’-ariabIes on unit accurac^’^ were tested in a 
schema and in dogs. 

Variations in blood temperature, viscosity, heart rate, stroke volume, 

‘ Aided by a grant from the Commonwealth Fund. 
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pattern of flow curve, and composition of fluid surrounding unit and artery 
have nainor effects on unit accuracj’’ providing these variables are -within 
physiological limits and that no zero or back flow occurs. 

However, extension or shortening of the arter}’^ (in acute or chronic 
experiments), the presence of a small systolic back flow, or zero flow, 
changes in the elasticity of the pump system, changes in blood flow through 
surroimding tissues, and relationship of such tissue to the unit, all grossly 
effect the accuracy of the thermostromuhr (up to 300 per cent). Further- 
more, long application of the unit to arteries may narrow the lumen 
sufficiently to reduce the flow. 

Therefore, any interpretation of galvanometer deflection in terms of 
absolute blood flow is open to grave question. 

The effect of sodium sulfapyridine and sodium sulfathiazole on blood 
sugar and liver glycogen.^ Esther M. Greisheimer, Roberta 
Hafkesbring and Hulda Magalhaes (by invitation). Department 
of Physiology, Wo77ian’s Medical College of Pennsylvania, Philadelphia. 
The method used was described bj’^ us previously (Greisheimer, Hafkes- 
bring and Magalhaes — Am. J. Physiol. 129: P 371, 1940). 

The following values for blood sugar and liver glycogen were found: 



-BLOOD JSUGAR , 

LIVER 

GLTCOQEN 

Fasting 

mgm. per 100 ce. 

85 

per cent 

0.25 

Control (glucose, no drug) 

93 

1.48 • 

Fasting; sodium sulfapyridine 10% 

134 

0.05 

rrlnnoRR and sodium sulfapyridine 10% 

202 

0.14 

Glucose and sodium sulfapyridine 7.5% 

190 

0.73 

Fasting and sodium sulfathiazole 7.5% 

123 

0.24 

Glucose and sodium sulfathiazole 7.5% 

225 

1.56 

Glucose and sodium sulfathiazole 10% 

233 

0.80 



Sugar determinations on the filtrate before and after fermentation 
with 3 ’-east ruled out the possibility of reduction bj^- drugs. 

The administration of a single dose of sodium sulfapyridine is followed 
by an increase in blood sugar and a decrease in liver glycogen. 

The administration of sodium sulfathiazole is followed b}’- a marked 
increase in blood sugar; in this respect it resembles sodium suKapyridine. 
However, in equally toxic doses, it has little effect on liver glycogen. 
"WTien given in larger doses (10 per cent), in which there is about 50 per 
cent mortality, it leads to some decrease in liver glycogen. It seems safe 
to conclude that m equalty toxic doses, sodium sulfapyridine is more 
harmful to the liver with respect to its ability to foim and store glycogen 
than sodium sulfathiazole. 

Total and subtotal sympathectomy in man, effect on blood pressure in 
hypertension. Keith S. Grimson (by imdtation), Alf S. Alving 
and Wright Adams (by in-vdtation). Departments of Surgery and 
Medicine, University of Chicago, Chicago, III. 

* Supported by a grant from the Committee on Therapeutic Research, Council on 
Pharmacy and Chemistry, American Medical Association. 
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^ Total S 3 HQpathectomy was fii’st demonstrated to be compatible witli 
life in cats and dogs bj'' W. B. Cannon and his associates. This pro- 
cedure has recentl}’" been employed in many studies of experimental renal 
and expeiimental neurogenic hypertension. It was found to have a 
marked blood pressure lowering effect only in experimental neurogenic 
hypertension. 

A three stage surgical technique has been de\’ised for removal of the 
thoraco-lumbar sympathetic chains, the splanchnic nerves, and the 
celiac ganglia in man. It has been emploj'^ed upon eleven patients of the 
idiopathic or essential hypertension group. Two patients received all 
three stages. Seven received the two thoracic operations including 
removal of all of the thoracic and the first lumbar sympathetic chain 
gangha together vdth all of the splanchnic neiwes and the celiac ganglia. 
The remaining two received the abdominal operation including bilateral 
lumbar sympathectonii’’ and splanchnic section. 

Total sympathectomy has been demonstrated to be compatible with a 
relativelj’" normal existence in man. Postural hjTpotension has been noted. 
The heart rate has been decreased. Gastrointestinal, urinaiy and respira- 
tory functions have not been conspicuouslj’^ altered. The loss of sweating 
has given only slight inconvenience. The subtotal two-stage thoraco- 
lumbar S3mpathectomy, splanchnic resection, and celiac ganglionectomy 
have given similar results except that compensatory excessive perspiration 
about the legs has occurred in warm weather. Blood pressure lowering 
to relatively normal values has been observed in four of the nine hyper- 
tensive patients recemng total or subtotal sympathectomy. Three 
others have had definite blood pressure lowering but have not reached the 
normal blood pressure range. One patient had only slight blood pressure 
lowering and one patient operated upon in a stage of advanced cerebral 
damage died. These nine patients have been observed from two to ten 
months. In some instances a tendency toward blood pressure recover}' 
has been noted. Some patchy restoration of sweating has also developed. 

Bilateral lumbar sympathectomy and splanchnic section have effected 
only slight alteration of the blood pressure. 

Does the posterior pituitary exert an influence on gastric secretion? 

E. G. Gross, W. R. Ixgr.^m and N. W. Fugo (by invitation). Depart- 
ments of Pharmacology and Anatomy, State University of Iowa, Iowa 

City. (Read by title.) 

Studies of gastric secretion in patients noth diabetes insipidus have 
been reported which indicate an influence of the posterior pituitary gland, 
especially in the control of acidity. These observations were made by 
taking frequent gastric samples. It Avas believed that these observations 
should be checked in dogs Avith PaAdoA' pouches. 

The effect of food and histamine has been studied in these animals 
before and after section of the pituitary .stalk. Typical diabetes insipidus 
dcA'eloped after stalk section; the urine Amlume aA'^era^ng about 2000 cc. 
per day. Normal gastric secretion aa'us collected for thirty minutes before 
the stimulus Avas green and then collected for four thirty minute periods 
folloAring the stimulus. Several mns AA'ere made before and after section. 
The A’olume, pH, total acidity, and free acidity Avere deteimined. 

Using 200 grams of Pard dog food plus 150 cc. of Avater as the stimulu^ 
no significant change in the pH. total acidity, and free acidity before and 
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after section was observed. The average volume of gastric secretion 
was about 25 per cent less in the periods after section. 

When liistamine was used as the stimulus, again the only obvious 
difference in the two periods was the decrease in volume of gastric juice. 
It may be possible that the decreased volume after stalk section is due to a 
partial dehj’^dration that maj’’ occur in these animals during the two and 
one-half hour period of collection. 

The augmentation of the motor root reflex discharge in the cooled spinal 
cord of the cat. H.\rry Grundfest. Department of the Laboratories 
of ike Rockefeller Institute for Medical Research, Next) York City. 

In cats under dial anesthesia and in decerebrate-spinal preparations, 
the lumbar and sacral regions of the spinal cord were widelj’’ exposed. 
Lead electrodes placed on the dorsal and ventral roots of one segment 
recorded both the motor and the dorsal root reflexes evoked in response to 
stimulation of the dorsal root. The exposed cord was flooded with liquid 
paraffin and its temperature varied b}^ wanning or cooling the oil. 

Under these experimental conditions, as the temperature was lowered 
from 38°C. to 30°C., the reflex discharge recorded from the ipsilateral 
ventral root was progressively augmented and at times components of the 
potential were increased to four times their height in the warm cord. 
Records from the corresponding dorsal root showed that the dorsal root 
discharge was also increased as described by Barron and Matthews and 
confinned by Toennies. Thus the discharges from the two roots have 
similar sensitivities to temperature. 

. As the cord is cooled, reflexes not obtainable at normal temperatures 
majf^ appear. In the decerebrate-spinal preparations above described, 
at normal temperatures no Ausible ventral root discharge was produced 
by a single shock to the contralateral dorsal root; while a clearlj’’ observable 
discharge was e^ddent when the cord was cooled below 36°C. At 30°C. 
the discharge was well defined. 

Carbohydrate relationships in the rat. M. Mason Guest (by invitation), 
E. L. Scott and J. J, McBride (b3’- invitation). Department of Physi- 
ology, College of Physicians and Surgeons, Columbia University, New 
York City. 

The coefficient of dispersion for rat hver and muscle glycogen con- 
centrations has been reduced to 10 per cent by the standardization of the 
technical procedures and the biological material. Liver glycogen con- 
centrations may be predetermined at any desired level between approxi- 
mately zero and eight per cent of the tissue wet weight to a precision 
sufficient for most experimental purposes bj’’ controlling the nutritional 
condition of the experimental animal. 

Analyses of the compiled data bj'^ regression methods have indicated 
several physiological relationships. Thus the log. value of the percentage 
of hver glycogen in fasted rats varies directly with the blood sugar con- 
centration. In contrast, rats lulled at the end of the feeding period 
exhibit little variation in the mean blood sugar concentration regardless 
of the liver glycogen level. Similarly a positive correlation has been shown 
between the muscle and liver glycogen concentrations for both fed and 
fasted rats. 

The plot of muscle glycogen against the blood sugar concentration of 
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fasted rats reveals a suggestive distribution of the individual points. 
Little variation in the muscle glycogen concentration occurs in a blood 
sugar range between 50 and 100 mgm. per cent, but above this level, 
although there is a much greater variation of the individual points, the 
general tendency is toward glycogen storage. In the fed groups there is 
little evidence of correlation betAveen blood sugar and muscle glycogen 
concentrations. 

The neuropathology of vitamin E-deficiency in the rat. W. de Gutierrbz- 
Mahoney, Karl E. Mason and Homer Swanson (by invitation). 
Laboratory for Neuropathology, Vanderbilt University School of Medi- 
cine, Nashville, Tenn. 

The entire nervous system of baby and adult rats, born of E-deficient 
mothers and maintained on E-deficient diets, were examined by the 
foUovnng methods; Nissl for cells; Herxheiraer, Kulschitzky, Marchi, 
Spiehneyer and 1 per cent Osmic acid for myehn sheaths; Gros-Biel- 
schowsky and Ramon y Cajal for axis cylinders. The animals were sacri- 
ficed for histological study at Amrious ages from 18 to 450 days. 

The changes in the baby and adult rats were similar on the Avhole. 
The nerve cells Avere generally seriously altered so that at first the cyto- 
plasm was hypercln-omatic, the Nissl pattern was lost, and neither nucleus 
nor nucleolus AA^ere Ausible. The cell bodies became thin, long and sharply 
outlined without accompanying phagocytic cells. A later stage was 
characterized by diminution in the stainable cytoplasm Avith vacuolation, 
and scalloping of the cell borders AAuth attendant phagocytes, finally 
leaAung merely the ghosts of the original cells. The dendrites became 
stained for long distances and took on bizarre shapes. These changes 
affected almost all groups of cells, but AA^ere most striking in cells of the 
anterior and posterior horns of the spinal cord, of the cranial nerve nuclei, 
of the olives, and of the pontine nuclei. The Purkinje eells of the cere- 
bellum and the large and small cells of the cortex Avere also involved. 

The alterations did not resemble the retrograde reaction of Nissl nor 
the ordinary chronic cell change. Some AA'ere similar to post mortem 
changes, and AA'hen first seen they AA^ere attributed to this, but the dis- 
turbances AA’^ere seen regularly in animals AA'hich AA’^ere killed and the tissues 
fixed immediately. 

Degenerative changes in the AA^hite matter AA^ere demonstrated by all 
suitable methods noted above, and Avere characterized by swelling, frag- 
mentation, ball formation and disappearance of myelin. The peripheral 
nerves, the posterior tracts and the spinocerebellar tracts AA’^ere severely 
affected, AA-hile the pyramidal pathAvays and cerebral Avhite matter shoAA'ed 
only a moderate degree of disturbance. 

The siH’er stains demonstrated swelling, fmgmentation, and dissolution 
of the axis cjdinders of the nerAms, spinal cord, cerebellum and brain. 

The glial reaction aaus aa-oH marked in all areas affected be 3 mnd the 
initial stage. 

Chemical studies in traumatic shock. H. Gutmann (b3^ invitatioiri> 
Wm. H. Olson (b 3 ' inAitation), H. H. Kroll O^y invitation), S. 0. 
Leaunson (bA’’ invitation) and H. Necheles. S. Dcutsch Serum 
Center and the Department of Gaslro-Inicstinal Research, Michael Reese 
Hospital, Chicago, III. 
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Chemical changes were studied in the anesthetized dog following trauma 
applied to the thigh. Hemoglobin, hematocrit values, plasma protein, 
arterial O2 and CO2, arterial lactic acid and plasma potassium were de- 
termined simultaneousl3\ The arterio-venous O2 difference and arterial 
pH also were measured in a few cases. Carotid blood pressure was 
recorded with a mercury manometer. Circulation time Avas estimated 
by the rcspiratoiy response to the intravenous injection of sodium c.yanide. 
Shock Avas assumed to dcA’^elop AA’hen the blood pressure had fallen to a 
level of 50 to 60 mm. Hg. 

Dui'ing shock the folloAAnng changes A\'ere found to occur. There is a 
significant drop of CO2 and O2 in the arterial blood concurrent AAUth a 
steei> rise of the lactic acid concentration and a decrease of the pH. The 
depletion of the alkali reserA^e cannot be accounted for on the basis of the 
accumulation of lactic acid alone. The arteriovenous oxygen difference 
is markedly increased. Specific graAntj* of Avhole blood and plasma protein 
concentration change inA'ersely as a rule. Hemoglobin and hematocrit 
readings usually are indicattee of hemoconcentration. The plasma potas- 
sium ma}’’ be slightl.A' increased as a terminal eA'ont. A transient rise in 
the plasma potassium has also been observed folloAving seA^ere traumatiza- 
tion. There is evidence suggestive of a possible relationship betAveen the 
degree of tissue damage and the K content of the blood. While blood 
pressure and circulation time may be restored to normal at least tempo- 
rarilj’- by the infusion of blood substitutes it appears in our cjperience 
thus far, that the chemical changes in traumatic shock are partially but 
not completelj' rcA’crsed by restoration of circulating A'olume. 

Electrical rectification in the giant axon of the squid. Rita GtiTTM.A.N 
(mti’oduced b}' Kenneth S. Cole). Marine Biological Laboratory, 
Woods Hole, Mass, and Departtneni of Physiology, College of Physicians 
and Surgeons, Columbia University, New York City. 

Measurements of the resistance of the squid giant axon have been made 
bj'^ means of a direct current "IMieatstone bridge betAA’een one injured end 
of the axon, placed in KCl, and the other end immersed in sea Avater, 
AAuth the inter-electrode region hanging in oil. Duiing the passage of 
small cuiTents through the axon, the resistance of the fiber does not 
depend upon the magnitude and direction of the current. But when 
larger currents are used this is no longer true, i.e. if the uninjured end is 
the anode, the OAmnll resistance of the axon is greater than that found 
during the passage of small currents Avhile at the cathode the reverse is 
true. The apparent resistance of the nerve fiber, then, depends upon the 
magnitude and direction of the current flovring through it. The nerve 
fiber thus does not obey Ohm’s LaAv and is an electrical rectifier which 
peimits current to pass more easilj’' in one direction than the other, rather 
than a pure re.sistancc. 

It seems probable that the rectifier effect is confined to the membrane 
and these results confirm the observations of Cole and Curtis, and Cole 
and Baker (J. Gen. Phj’^siol., March, 1941, in press) obtained Avith different 
methods. When both ends of the axon AA^ere uninjured. Cole and Hodgkin 
(J. Gen. Physiol. 22: 671, 1939) Avere unable to detect rectification because 
the increase in resistance at the anode approximately compensated for 
the decrease at the cathode. .. 

Cocaine and veratrine cause progressive and reversible loss of rectifica- 
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tion. As the axon dies, excitability is lost, and the rectification and the 
resting potential disappear. "ViTien the fiber is completely dead, there is 
no rectification and the fiber acts as a pure resistance. 

Such a rectification is to be expected if the membrane conductance is a 
measure of ion permeability and this peimeability is increased at a cathode 
and decreased at an anode. Also, rectification has been suggested as an 
explanation of some electrotonic and excitation phenomena. 

Recovery after sulfonamide drugs.^ Roberta Haeicesbring and Esther 
M. Greisheimbr. Department of Physiology, Woman’s Medical College 
of Pennsylvania, Philadelphia. 

The purpose of these experiments was to study recovery in blood sugar 
and liver glycogen in rats after sodium sulfapyridine and sodium sulfa- 
thiazole. Two series of experiments were performed: one, after a single 
dose of 7.5 per cent sodium suKapjnidine or sodium sulfathiazole (1 cc. 
per 100 grams), and the second, after 4 doses of one of the drugs. 

The results are as follows; 


! 

. CONTROLS, GLTTCOSE, NO DRUGS 1 

BLOOD SUGAR 

93 

SODIUil 8ULPAPTRIDINE 

MV-ER OMTCOGEN 

1.4S 

SODimi SULFATHIAZOLE 

Blood sugar 

Liver glycogen 

Blood sugar 

Liver glycogen 

1 dose, 72 hours before e.xper. . . 

95 

1.39 

88 

1.45 

1 dose, 48 hours before exper. . . 

90 

1.39 

87 

1.66 

1 dose, 24 hours before exper. . . 

102 

0.81 

1 86 

1.41 

4 doses, 120, 96, 72, 48 hours 




! 

before experiment 

108 

0.76 

95 

1.36 


Blood sugar and liver glycogen remain at approximate^ the control 
level after single doses of sodium sulfap;>Tidine or sodium sulfatliiazole, 
72 and 48 hours before the experiment. Liver glycogen is still about 
50 per cent below the control value 24 hours after the administration of a 
single dose of sodium sulfap^rridine. 

After repeated doses on 4 consecutive days, allowing 48 hours for re- 
covery, liver gtycogen is unchanged when sodium sulfathiazole has been 
used, but reduced to approximately one-half its control value when sodium 
sulfapyridine was used. 

The results of this series of experiments show that after four doses of 
sodium sulfapyridine on consecutive days, the liver is still far below normal 
in its ability to form and store glycogen, 48 hours after the drug has been 
discontinued, and even after a single dose of sodium sulfapyridine, does hot 
completely recover within 24 hours. The effect on the liver of similar doses 
of sodium sulfathiazole is negligible. 

The adrenals and the insulin content of the pancreas. R. E. H.'vist and 

H. J. Bell (introduced bj’- C. H. Best). Department of Physiological 

Hygiene, University of Toronto, Toronto, Canada. 

Female rats weighing between 110-150 grams were adrenalcctomizcd, 

• Supported by a grant from the Committee on Therapeutic Research, Council on 
Pharmacy and Chemistry, ,‘\merican Medical Association. 
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given 1 per cent sodium chloride solution to drink and fed a balanced ration 
ad libitum for 3 to 10 days. Control groups of rats with intact adrenals 
were also given 1 per cent sodimn chloride to drink and received the same 
diet and the same caloric intake as the adrenalectomized animals. No 
significant difference was found between the insulin content of the pancreas 
in the adrenalectomized and paired-fed control groups. Adrenalectomized 
rats without the 1 per cent sodium chloride showed a reduction in the 
insulin content of the pancreas but this seems to be related to their lower 
food intake. 

Adrenalectomized animals given 1 per cent sodium chloride but fed a 
diet consisting largel.y of fat, showed a marked fall in the insulin content 
of the pancreas, approximately equivalent to that found in the paired-fed 
control animals fed a similar diet. These experiments demonstrate that 
the reduction in the insulin content of the pancreas resulting from the 
feeding of fat can be obtained in the absence of the adrenal glands. Since 
in a previous experiment it was shown that the effect of fat feeding can still 
be obtained in the absence of the pituitaiy gland, it seems probable that 
the effect of fat feeding on the insulin content of the pancreas results either 
from a direct influence on the pancreas or because of effects produced in 
liver or peripheral tissues. 

In another experiment rats were fed a balanced diet and given 3.6 to 
5.6 cc. of a potent adrenal cortical extract dailj’- by mouth. Control 
groups received the same diet and the same caloric intake but no cortical 
extract. There was no significant difference in the insulin content of the 
pancreas in the groups receiving the extract and those that did not. 

The water and fat content of the skin of the albino rat on a high carbo- 
hydrate and a high fat diet. John Haedi, Geenvilee Giddingb (by 
invitation) and Winfrey Wynn (by invitation). Laboratory of Phys- 
iology and the Deparlmeni of Medicine, Emory University, Georgia. 
(Read b 3 ’’ title.) 

The effect of a high carbohydrate and a high fat diet on the water content 
of various organs of the albino rat was determined in a previous investiga- 
tion (Am. J. Physiol. 128: 537, 1940). In view of the clinical reports that 
the water content of the skin is affected by diets containing a large amount 
of carbohydrate or of fat, we have extended our observations and found that 
the water in the skin was reduced to a marked degree by a high carbohy- 
drate diet and to a greater extent by a high fat diet. 

Litter mates, allowed to eat and drink ad libiiu7n were fed 70 daj’^s on a 
stock, a high carbohj^^drate and a high fat ration, and were then decapi- 
tated. The animals on the stock ration served as controls. The carbo- 
hydrate ration contained 70 per cent sucrose and no fat; the fat ration 
50 per cent lard and 20 per cent sucrose. The skin was removed from the 
same region of the back of all the animals after decapitation, stripped of 
adherent fat and adjacent portions analyzed for water and fatty acid 
content. 

The average water content of the skin on the stock, carbohydrate and 
fat rations was, respectively, 60.3, 55.1 and 51.4 per cent of the wet weight 
in the males and 51.1, 43.7 and 39.2 per cent in the females. The amount 
of water present was in inverse ratio to the fatty acid content which was 
6.6, 9.3 and 17.6 per cent, respectively, in the males, and 12.0, 20.1 and 
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39.2 per cent in the females. It A\dll be observed that there was a sex 
difference in the composition of the skin as shovm by the percentage water 
and fat content. 

The blood of the males on the three rations contained 78.5, 80.1 and 
80.4 per cent water, respective!}’’, and that of the females 78.4, 80.1 and 

80.3 per cent. The determinations of water content were made on aji- 
proximatel}’’ 5 cc. of blood obtained from the ^decapitated animal. 

In previous experiments it ivas found that the same high fat ration fed 
for the same length of time as in the present expeiiments did not produce 
ketosis. 

Effects of the administration of d-1 threonine and d-1 allothreonine to the 

phloridzinized dog.^ W. Iano’wltox Hall (by invitation) and A. G. 

Eaton. Deparimenis of Biochemistry and Physiology, Louisiana Slate 

University School of Medicine, New Orleans. 

Female dogs ivere given subcutaneouslj’^ 1 gram of recrystallized 
phloridzin in ohve oil dail 3 L Control periods Avere run on the third and 
fom’th days, and thereafter either d-1 threonine or d-1 allothreonine was 
administered on alternate da 3 ^s b}’^ the intraperitoneal or subcutaneous 
route. Total nitrogen, glucose, urea nitrogen and amino nitrogen deter- 
minations were made on each 24 hours urine sample. 

Contrary to our findings in rats d-1 allothreonine produced no extra 
sugar. In eveiy experiment d-1 threonine gave extra glucose. A large 
proportion of both the d-1 threonine and the d-1 allothreonine Avas excreted 
into the urine. As a result the amount metabolized so small that we are 
unable to state definitel}' how man}’’ carbon atoms of the threonine mole- 
cule go to glucose. 

Androgen, a prime factor in acne. James B. Hamilton. Department of 

Anatomy, Yale University School of Medicine, New Haven, Conn. 

A series of eunuchoid individuals, that is those who did not mature 
sexuall}’’, never had acne. Upon administration of male hormone sub- 
stance, testosterone propionate, to eunuchoid and castrate men, to pre- 
pubertal boys and to OAmriectomized AA’omen, some of these individuals 
acquired comedones, papules and pustules. 'When the treatment Avith 
hormone was terminated, the acneform responses diminished and began 
to disappear. Additional courses of medication given to these patients 
at later dates Avere accompanied b}’’ similar conditions AA’ith subsequent 
disappearance of the lesions during inter\’^als betAveen treatment Arith 
testosterone compounds. A close relationship of this acne to male hor- 
mone substance is attested by the rapidity AA’ith AA'hich the lesions fade 
upon cessation of androgenic therapy, and by the fact that a _deA’’eloping 
papule which has undergone retrogression ma}’’ again become inflamed u 
treatment is soon resumed. In appearance the lesions are like those found 
at puberty. Acne occurred in most but not all patients receiving adequate 
doses of hormone. Differential susceptibility in the present series does not 
appear to be determined b}’’ color of hair or skin or b}’’ the preAdous occur- 
rence of puberty; men w'ho pass through pubert}' before orchidectom}' ma}' 
or ma}' not exhibit acne upon treatment. The greatest severit}’’ of erup- 

' Aided by a grant from the Committee on Scientific Research of the American 
Medical Association. 
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tions was observed in a man with a history of severe acne as an adolescent. 
Discussion is given of the levels in the bodily fluids of androgenic, estrogenic 
and gonadotropic (follicle-stimulating) hormone in patients with and with- 
out acne and of therapeutic implications. Sexual hormones may also, 
perhaps, bear a relation to furuncular folliculitis in adolescence. The fact 
that male hormone substance may induce acne in susceptible individuals is 
not proof that the sole cause of acne is the action of male hormone sub- 
stance. Other factors and an “innate predisposition to acne” (as evidenced 
b}’- identical twins) are undoubtedly of great inportance. Androgenic 
substances stimulate also sebaceous secretions in various parts of the body 
not subject to acne, such as in the preputial gland. 

Cardiac and aortic contributions to the human ballistocardiogram. W. F. 
Hamilton and Philip Dow. Department of Physiology and Pharma- 
cology, University of Georgia School of Medicine, Augusta. 

The reawakening of interest in the recoils of the heart and great vessels, 
and more particularlj* the recent emplo 3 ment of them as an index of 
cardiac output make advisable a critical studj' of these forces and an 
evaluation of the roles played bj’" each of them in producing the resultant 
movements of the bodjL 

The apparatus to be described differs from that of Starr et al. in that the 
subject sits upright instead of lying supine. A chair is suspended from a 
short stiff spring leaf and its vertical movements are translated mechan- 
icall}’’, magnified optically, and recorded photographicalljL This arrange- 
ment seems to permit a higher net frequency of vibration in the recording 
sj'-stem as a whole than is found in those previously reported. The deflec- 
tions of the light beam can be calibrated simply b}’’ the addition of weights 
to the chair vdth the subject in it. 

Ballistocardiograms have been taken simultaneously^ \vith records of the 
carotid and femoral pulse. The pulse records permit identification of the 
standing waves of the aortic Avindkessel. These standing waves can be 
shown to quicken when the subject assumes an upright or semierect 
posture, when the blood pressure rises and when the windkessel is restricted 
by a tourniquet about the thighs. In all these cases the pulse wave 
transmission time from the cardiac to the peripheral boundary of the 
vdndkessel is shortened and the period of the balistic waves is shortened 
equallyL On the average the I wave is simultaneous with the start of the 
femoral pulse. The K wave with its peak, the M wave Avith the postin- 
cisural plateau of the carotid and ndth the femoral dip, and the 0 wave 
with the diastolic rise of the femoral pulse. The ballistic waves are a 
faitliful record of the periodic surging of blood in the aortic windkessel. 

Acknowiedgment is gratefully made to the IMacy foundation for a grant 
which aided this research. 

The effect of botulinus toxin on the mortality and time of death of develop- 
ing chick embryos.! Dorothy M. Hamre and Clayton S. .White 
(introduced by R. W. "ViTiitehead). Departments of Bacteriology and 
Physiology and Pharmacology, University of Colorado School of Medicine, 
Denver. 

Through an ah-cavity opening in fertile eggs meubated for 14, 16 and 17 
> Aided bj'^ a grant from the Dazian Foundation for Medical Research. 
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days a concentrated, partially purified type A botulinus toxin was dropped 
on the chorio-allantoic membrane exposed b 3 ’- removal of the shell mem- 
brane. Series I (107 embiyos) received 10 minimal lethal doses as tested 
on 20 gram ivhite mice. Series II (162 embiyos) received 100 minimal 
lethal doses. The eggs were sealed with cellophane and incubatioti con- 
tinued. The embiyonic time of death was fixed bj’^ observations at 
autopsy. 

Percentage mortality in series I was 58.8 for 52 experimental embryos 
and 30.9 for controls receiving boiled toxin; in series II, 89.7 for 78 intoxi- 
cated embryos and 31.0 for controls. The ratio, per cent differencc/tr 
difference, in series I was 2.61, in series II, 7.6. 

Of the dead controls in series I and II 58.8 and 57.7 per cent respectively 
died on or before the 18th day compared to 34.4 and 14.3 per cent for 
experimental animals. In contrast the percentage of controls djdng on or 
after the 21st day was 17.6 and 19.3 in series I and II compared to 41.5 
and 54.3 for experimental groups. 

It is concluded that botulinus toxin in sufficient dosage Idlls chick em- 
brjms, but only after the time when the source of the oxygen begins to shift 
from the chorioallantoic membrane circulation to that of the lungs. Chick 
embryos die from respiratory failure as do other botulinus intoxicated 
animals. 


The relation of central nervous system depression and stimulation to bio- 
chemical changes occurring in cerebral blood. Carroll A. H.AismLEY 
(by invitation) and H. Morrow Sweeney. School of Medical Sciences, 
University of South Dakota, V erniilliori. 

Dogs were prepared for chi'onic experiments by removing a section of 
bone over the superior sagittal sinus. Oxygen, carbon dioxide and blood 
sugar determinations were made on arterial, sinus and popliteal venous 
blood drawn from these trained animals during the resting state, follovdng 
the depressant (morphine, sodium pentobarbital) and follovdng the stimu- 
lant (amphetamine, metrazol). Respiratory rate and depth, pulse rate, 
metabolism and cardiac output were also studied. 

Duiing morphine depression, the administration of amphetamine usually 
caused an increased uptake of glucose by the brain, as measured bj’’ the 
glucose difference between arterial and sinus blood, while the oxj’^gen up- 
take, though in the same general direction was even less constant. These 
variables are probably due to changes in blood flow induced bj’’ the am- 
phetamine. Central stimulation is apparent, however, from respiratoiy 
and pulse rate changes and in some cases the animals Avere aivakened from 
deep morphine depression. 

Studies with metrazol following sodivun pentobarbital anesthesia show 
that both the ox 3 ’-gen and glucose uptake by the brain are increased. 


Prevention of experimental gastrojejunal ulcer by enterogastrone.^ A. P* 
Hands (by invitation), G. B. Fahley (b 3 '’ invitation), Harry Greel^ 
GARD, F. W. Preston and A. C. Iat. Department of Physiology and 
Pharmacology, Northwestern University Medical School, Chicago, 111- 
Previous reports from this laborator 3 '- have demonstrated thc_ action of 
enterogastrone in the depression of motor and secretor 3 ’- activity of the 


* Aided by a grant from the Josiali Macy Jr. Foundation. 
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stomach-, and procedures have been described for the production of uni- 
formly potent and non-toxic (dog) enterogastrone concentrates. In view 
of the anticipated potentialities of such an agent in the treatment of 
peptic ulcer, a therapeutic trial has been made in a series of dogs prepared 
by the Mann-Williamson operation. Following recovery from the surgery 
these animals Avere given thi'ee daily intravenous injections of entero- 
gastrone concentrate to the exclusion of all other medication. Each 
injection comprised 50 mgm. of material, Avhich amount halves the gastric 
secretory response in the total pouch dog and abolishes tone and motilitj’’ 
in the stomach of the intact dog for 60 minutes (ai’erage). No local or 
general reactions to the intravenously injected material haA'-e been noted, 
and after a period of 20 weeks after operation 9 out of the 10 animals liaA’e 
unifomaty manifested good appetite, maintenance or gain in AA^eight, and 
no abnormalities in the blood picture, saA’^e a slight hj^pochromic anemia. 
Since these dogs liaA'^c remained in good condition without manifesting an 
ulcer for an inteiwal definitelj'" longer than that required for the untreated 
Mann-Williamson dog to eAodence characteristic signs and symptoms of 
gastrojejunal ulcer, it is concluded that enterogastrone is an effectiA'e 
agent in the preA'^ention of deA'-elopmcnt of this condition. 

Reflex production of heart block. H. F. Haney, W. B. Youmans, A. J. 

Lindgren (bj’’ invitation) and A. I. Karstens (bj^ inAotation). Depart- 

merit of Physiology, University of Oregon Medical School, Portland. 

A difference in the distribution of the inliibitoiy influence of the tAvo 
vagus nerves on tlie heart of the dog is indicated by the fact that stimula- 
tion of the peripheral end of the cut left A^agus often results in partial or 
complete A-V heart block, a response not obtained AAdth the right vagus. 
Evidence regarding the phj’^siological significance of this difference has 
been obtained by means of the folloAving experiments in AA^hich Ai^agal inhibi- 
tion is produced reflexly in the unanesthetized animal as a result of a rise 
of blood iiressure. 

Dogs Avere prepared by sj'-mpathetic denervation of the heart and uni- 
lateral A^agotomy high in the neck. After a suitable period of training, 
electrocardiograms AA^ere recorded before and during appropriate periods 
after the injection of the pressor compounds, neosjmephrin (intravenously) 
and pitressin (intramuscularly). In the case of neosynephrin a dose Avas 
chosen Avliich produced little or no acceleration of the denervated heart. 

In a series of 44 experiments on 12 dogs in which the left vagus remained 
intact the injection of one of the pressor compounds AA^as folloAved by pro- 
nounced bradycardia in all but one case. In 26 of the experiments AA^hich 
included 10 of the animals the injection AA^as folloAA'cd by either partial or 
complete AA’ heart block and in most cases a prolongation of the P-R 
intervals. 

In a series of 26 experiments on 9 dogs in AAfliich the right Amgus remained 
intact the records taken folloAA^ing the injecion of the pressor compounds 
shoAA^ed sinus bradj’-cardia in all cases, A-V nodal rh5d.hm in 5 experiments 
on 3 dogs, and no cases of A-V heart block. 

It seems clear that a rise of blood pressure is capable of initiating reflex 
depression of the S-A node through either A'^agus and in addition a reflex 
depression of the A-V node through the left A'^agus of sufficient degree to 
produce A-V heart block. 
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Studies on pain: observations on the hyperalgesia associated with referred 
pain. J. D. Hardy, H. Goodell (by invitation) and H. G. Wolff. 
Russell Sage Institute of Pathology in affiliation with the New York Hos- 
pital and Depailmenis of Medioinc and Psychiatry, Cornell University 
Medical College, New York City. (Read by title.) 

The so-called hyperalgesia associated vdth referred pain was investigated 
to determine whether the over-reaction to pin prick in the hyperalgesic 
area rvas due to lowered pain threshold at this site. In a group of 7 patients 
with diaphragmatic irritation, duodenal distention, or a tooth abscess, 
it was possible to measure the pain threshold in cu’cumscribed areas of 
referred pain vdth hyperalgesia. It Avas shown bj^ the use of the pain 
threshold measuring device previously described (J. Clin. Ivest. 19 : 649, 
1940), that the pain threshold in the areas specified as hj^ieralgesic was 
normal and differed in no waj'" from that of the opposite corresponding area 
similarly tested. It is inferred that such changes in sensation as occur in 
hyperalgesia Avith referred pain are not the result of loA\nred perception, but 
rather a change in the reaction to the afferent impulses initiated in the 
periphery at the usual threshold. Thus these areas are not trufy hj^per- 
algesic, as is the case in “sunburn.” 

The effect of Avithdrawal of drinking water upon the antidiuretic potency 
of the posterior lobe of the rat. Kendrick Hare, Robert C. Hickey 
( by inAdtation) and Ruth Stillman H^vre (by invitation). Department 
of Anatomy, Cornell University Medical College, New York City. 

Rats of the same age and sex were divided into groups of seA’-en; one 
group was kept on the normal diet of dried food AA'ith free access to AAater, 
and a second Avas green dry food but no Avater. After tAA'O groups had been 
imder this regime from one to thirteen da^^'S, they Avere killed and the 
posterior lobes remoA^ed. Five lobes of each group AA^ere extracted in saline 
for bioassay; the other tAvo Avere prepared for microscopic study according 
to Gersh. The antidiuretic potency of the noimal and dehydrated rats' 
posterior lobes Avas estimated from the concentrating effect on the mine of 
dogs AAuth diabetes insipidus. It AA-as fovmd that the antidiuretic potency 
of the posterior lobe decreased rapidly AAith dehydration of the rat, so that 
by the thirteenth day AAithout Avater the posterior lobe contained less than 
three per cent of its nonnal antidiuretic hormone. 

There AA^as, hoAvever, no correlation betAveen the hormonal and osmio- 
philic droplet content of the posterior lobes. 

Pituitaries from rats haAong a permanent poljmria after pituitary stalk 
section Avere cut in a sagittal plane. One half Avas assayed, the other 
studied according to the technique of Gersh. The antidiuretic assa}’’ 
indicated a potency of much less than one per cent of noimal, but the 
stained portion of the gland contained an enormous number of osmiophilic 
droplets. 

The renal excretion of chloride by the dog. Ruth Stillman H.mie (by 
imitation) and Kendrick Hare. Department of Anatomy, Cornell 
University Medical College, New York City. 

The excretion of chloride Avas followed in the unanesthetized dog before, 
during, and after the infusion of 0.9 per cent to 10 per cent NaCl solutions. 
Glomerul.ar filtration aa’os measured by creatinine clearances. After the 
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chloride infusion was begun, glomerular filtration rose to values which in 
some cases were twice normal. Maximal tubular reabsorption of glucose 
did not increase with increasing glomerular filtration. This observation 
indicates that no additional nephrons were recruited. 

On the assumption that the concentration of chloride in glomerular 
filtrate is the same as that in plasma, and that the creatinine clearance is a 
measure of glomerular filtration, the amount of chloride filtered per minute 
was calculated. The amount excreted per minute was determined by 
urine analysis. The difference between these two quantities is the amount 
reabsorbed. 

The infusion of NaCl solution increased the amount of chloride filtered 
by increasing both the glomerular filtration and the plasma chloride. 
When the filtration rate of chloride was increased above the pre-infusion 
level, approximate^' 35 per cent of the increase in chloride filtered was 
excreted. 

Apparently, chloride U/P ratios were not the determining factor in 
tubular reabsorption of chloride, since the 3 ’^ continued to increase through- 
out the experiment. 

Since only sodium chloride was administered, this data might applj^ to 
the mechanism for the excretion of chloride, or sodium, or sodium chloride. 

Chloride excretion in the diabetes insipidus dog is like that in the normal 
dog and was not increased by 0.1 to 10 milliunits of pitressin, although 
marked antidiuresis was obtained. 

The fate of fluids injected in animals suffering from traumatic shock. 

Henry N. HARiaNs, R. T, Boals and C. Frank Chunn (introduced b}’' 

L. R. Dragstedt). Department of Surgery, Henry Ford Hospital, De- 
troit, Mich. 

It is well known that when shock has advanced to a certain point it 
becomes irreversible and remedial measures, no matter how thorough, are 
of no avail. This is true even in cases of shock from simple hemorrhage 
where, if the blood pressure has been allowed to remain low for a prolonged 
period, replacement of even more blood than was lost does not cure. 

In animals in which shock has been produced b}^ localized trauma, death 
usually follows the loss of about three per cent bod 3 ^ weight of plasma-like 
fluid into the mjured area (as determined b 3 ’^ bisection expeilments, or m 
the case of peritoneal trauma, by paracentesis). In other animals given 
massive doses of normal salt solution intravenousl 3 ’’, this local loss was nine 
to ten per cent body weight in man 3 '' cases. This indicates a marked local 
loss of fluid given therapeuticall 3 ^ Other animals given plasma or con- 
centrated plasma showed a marked increase in the extent of local loss over 
the untreated series but not nearl 3 ’' as much as follovdng the use of saline. 
In the cases given saline the protein content of the edema fluid indicated 
a greater absolute loss of plasma protein than in the untreated animals. In 
all experiments only parts of the fluid administered could be accounted for 
as a local loss at the site of trauma, indicating a generalized increased 
capillary pernieabiht 3 '- similar to that postulated b 3 '^ INIoon (Ann. Int. Med. 
13: 451, 1939). 

Animals vnth marked hemoconcentration and shock were given concen- 
trated plasma vdth sudden dilution following injection of the plasma, but 
immediate reconcentration in severe cases. Normal animals showed 
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an initial concentration of the blood foUomng concentrated plasma admin- 
istration ivith a subsequent return to the normal level. This difference 
in response is of interest and would indicate a difference in capillary per- 
meability in the shocked animals as compared to the normal. 

Conclusions: 1. Quantitative evidence is offered to show that following 
fluid administration in shock, local fluid loss is increased, especially when 
crystalloids are given. 2. Some fluid is lost from the blood stream thi’ough- 
out the body. 3. Concentrated plasma does not produce a progressive 
blood dilution when severe shock is present. 

Polarization effects in m amm alian hearts related to the establishment of 
idioventricular rhythms and fibrillation.^ A. Sidney Harris and 
Gordon K. Moe (bj’’ invitation). DeparUnent of Physiology, Western 
Reserve University Medical School, Clevelandi 0. 

Effects of cathodal and anodal polarizing currents (indifferent electrode 
in body wall) on ventriciflar activity Avere studied by recording simulta- 
neously from three loci, using three string galvanometers. The leads were 
riding electrodes consisting of proximate bipolar Ag-AgCl tips mounted 
in a small Incite block and held by a flexible resilient suspension. This 
t3'^pe of electrode leads significantly from a small localized area only. When 
high stimulating voltages were applied through electrodes 1 cm. apart, 
1 cm. from the leads, potential differences recorded bj’’ the leads were 
about 0.05 per cent of those applied. 

Polarizing currents insufficient to induce beats of ventricular ori^ cause 
undulations to appear in the electrograms. Isoelectricity may disappear 
entirely. The undulations are not regular. In cathodal polarization they 
occur roughly at multiples of 40 msec. Anodal polarization presents a 
different pattern but undulations occur and the tempo of prominences is 
similar. Strong cuiTents produce tachycardia characterized by longer 
deflections and irregularities. During anodal polarization one of the promi- 
nent features comes at a time corresponding vdth the T wave, and when there 
are coupled beats, the second occurs during the T "wave of the first. During 
polarization tachycardia the intervals between beats, though var^ung 
vadeby especiallj'- in anodal records, appear related to those of the undula- 
tion. During cathodal tachycardia the rate may be accelerated by 40 per 
cent, but remains relativelj’’ constant. The sequence of R deflections at 
three points on the ventricle shift frequently with relation to each other, 
and may bear no relation to the normal sequence. .^Vnodal tachycardia 
has a very irregular rhytlim usually characterized by accelerating runs 
of beats each run terminated by a pause, or in some cases by fibrillation. 

Fibrillation maj’^ be induced by anodal or cathodal polarization, with the 
anodal possiblj^ the more efficacious. Fibrillation induced anodal or 
cnthodal polarization or by brief stimuli usuallj'' begins bj'^ rapidly accelerat- 
ing tachycardia which fails to be blocked. During these runs there is 
relative constancy in the order of excitation at a series of points. 

The action of Integerrimine, Jacobine, Longilobine, Ridelliine, Senecionine 
and Spartioidine. Paul N. Harris (by invitation), Robert C. An- 
derson (bj' invitation) and K. K. Chen. Lilly Research Laboratories, 
Indianapolis, Jnd. 

* Aided by a grant from tlie John and Mary 11. Marklc Foundation. 
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The above alkaloids were isolated b 3 ’' Manske from Senecio species 
(Ganad. J. Research 6: 651, 1931;I6fd. B, 14: 6, 1936; B, 17: 1 , 1939). 
Expeiiments Avere made in 373 mice. The median lethal doses bj'' intra- 
venous injection Avere found to be as folloAvs: 


ALKALOID 

MEDIAK LETHAL DOSES =b 
STANDAKD ERROR 

Integerrimine 

mgm. per kgm. 

78.32 ± 3.05 

77.11 ± 2.86 

77.85 ± 3.33 

108.8 ± 3.06 

64.12 ± 2.24 

80.39 ± 1.93 

Jacobine 

Longilobine 

Ridelliine 

Senecionine 

Spartioidine j 



Like retrorsine and seneciphjdline, these alkaloids caused delaj’-ed deaths 
in many animals, and produced A^arious degrees of hepatic necrosis and 
congestion. Ascites or hydrothorax, or both, occurred m slightl}'^ less than 
half of the mice. The sinusoidal congestion of the liA^er AA'as diffuse in most 
cases, but occasionallj'^ it became so extreme in places that it resembled 
cavernous hemangioma. Similar pathological changes Avere observed 
AA’^hen large fractions of the lethal dose of jacobine AA’ere repeatedlj’- adminis- 
tered per os or bj^ subcutaneous injection over a iieriod of days. There 
Avere some differences in the action of the six alkaloids, but they AA’^ere 
chieflj’’ quantitath'-e in nature. In no instance AA^as cuThosis of the liver 
noted similar to that reported for the cattle disease prevalent in South 
Africa. 

The differentiation of mrogastrone and pituitrin.^ St^jAnley C. Harris 

(by invitation), John S. Gray and E. Wieczoroavski (bj’' invitation). 

Department of Physiology and Pharmacology, Nortlnvestern University 

Medical School, Chicago, III. 

Because both pituitrin and urogastrone are found m urine and both are 
capable of inhibiting gastric secretion and motility, their physiological 
effects have been compared in order to inA’^estigate the possibility of their 
being identical. 

Approximately equal degrees of inliibition of the gastric secretory re- 
sponse of total pouch dogs to histamine aa'rs obtained AAuth 3 mgm. of 
urogastrone and 4 units of pituitrin. Equal inliibition of gastric motility, 
stimulated and maintained in trained imanesthetized dogs by distension 
Avith the recording balloon, AA^as obtained Avith 3 mgm. of urogastrone and 
0.1 unit of pituitrin. Diuresis induced in a trained dog Avith a bladder 
fistula b}’’ the oral administration of 250 cc. of Avater AA^as not altered bj'- 3 
mgm. of urogastrone, AA'hereas 0.001 unit of pituitrin produced a striking 
inhibition. Urogastrone in 6 mgm. doses is Avithout effect on blood pres- 
sure, AA^hereas 4 units of pituitiin produced an easity demonstrable rise in 
blood pressure in anesthetized dogs. 

The lack of parallelism in the physiological properties of pituitrm and 
urogastrone indicates that thej'' are separate entities. 

^ Aided in part by a grant from the Committee on Endocrinology of the National 
Research Council. 
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The central pathway for the jaw jerk. Frank Harrison and Kendall 
B. Corbin (introduced b}’- Lathan A. Crandall, Jr.). Division of Anat- 
omy, University of Tennessee, Memphis. 

Recent work from this laboratoiy indicating that the mesencephalic 
root and nucleus of the trigeminal ner\^e mediate proprioceptive impulses 
from the muscles of mastication does not support the findings of Bremer 
(1923) and Rioch and Lambert (1934). These latter workers concluded 
that the mesencephalic root was not a part of the jaw jerk reflex arc. 

With the Horsle 3 '’-Clarke instrument and cathode raj^ oscillograph the 
mesencephalic root of the fifth cranial nerve in the cat was located, and 
then stimulated vith faradic or desti’oyed vdth direct current. From a few 
minutes to as much as 23 days later, each animal was decerebrated at the 
thalamic level and the jaw reflexes studied. The brain of each animal was 
examined microscopically and the site of the lesion correlated with changes 
in reflex activity. In none of the animals was there damage to the motor 
nucleus, chief sensory nucleus or spinal nucleus of the fifth nerve. Lesions 
Avere placed onty on one side and the reflex activity of the normal side was 
used as a control. Presence or absence of muscular contraction was 
determined by recording action potentials with needle electrodes inserted 
into the masticator muscles. 

The jaw opening reflexes to faradic stimulation of gmns and palate v'erc 
not depressed bj’- lesions in the mesencephalic root. JaAv closure to tapping 
the teeth (which sometimes elicits jaw opening) was abolished by lesions 
in the caudal part of the mesencephalic root. The jaw jerk, a stretch 
reflex, Avas abolished by complete destruction of the horaolateral mesen- 
cephalic root or Avas diminished if there v’as onlj^ partial damage. If only 
the most caudal part of the mesencephalic root and nucleus remained intact, 
the jaAV jerk might still be elicited although attenuated. Destruction of 
the root did not abolish the jaAV closing that accompanies reflex swalloAAdng. 

The role of collateral fibers from the mesencephalic root to the motor 
nucleus and the results of stimulation of the trigeminal nuclei Avill be pre- 
sented. It is concluded that the afferent pathAvay for the jaAV jerk is the 
mesencephalic root of the fifth neiwe. 

Water metabolism in the chicken vrith special reference to absorption from 
the cloaca. William Milton Hart (introduced bj’- Hiram E. Essex). 
Division of Experimental Medicine, The Mayo Foundation, Rochester, 
Minn. 

The ureteral orifices of a series of adult chicken hens Avoi’e exteriorized by 
operative means so that the urine Avas Amided directlj' to the outside Avith- 
out having had contact AAdth the cloacal or gut mucosa. In another series 
of birds an artificial anus Avas established by the method of Milroy in order 
to obtain m*ine haAong had contact A\dth the cloacal mucosa. Some of the 
birds in Avhich the orifices of the ureters Avere exteriorized haA'e been in the 
laboratorA’' for eighteen months and are still in excellent physical condition. 

Studies of AA’ater consumption on the same birds before and after .surgical 
procedures shoAved that birds AAdth exteriorized ureteral orifices usually 
drink more Avater folloAAung the operation. After a Aveek’s time on a diet 
AAdthout added salt, the blood chloride fell from a normal 400 mg. per cent 
to about 360 mgm. per cent and the hematocrit rose from a normal 30 to 
40 per cent to as high as 57 per cent. When 1 per cent salt A\'as added to 
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the diet the blood chloride and the hematocrit returned to normal. The 
bird also regained the weight lost from dehydration. "V^en drinking water 
is withheld, normal birds lose an average of 30 grams of body weight per 
day. Birds with exteriorized ureteral orifices lose weight twice as rapidly 
as normal birds. 

The hens with artificial anuses do not differ greatly from birds with exte- 
riorized ureters in regard to water consumption. However, hens vfith 
artificial anuses show no reduction of blood chlorides w'hich would indicate 
that they probably absorb chloride from the rectum. 

It is concluded that water and salt are absorbed from the rectiun of the 
fowl and that absorption from the proctodaeum is too small to be of con- 
sequence. 

Dark adaptation of single visual sense cells. H. K. Hartline and R. 

McDonald (by invitation). Cornell University Medical College, New 

York City, and the University of Pennsylvania, Philadelphia. 

Changes in sensitivitj’’ of visual sense cells in the eye of Limulns dming 
dark adaptation have been followed by recording the impulses discharged 
in single optic nerve fibers in response to test flashes of light of fixed in- 
tensit}’’ and duration. Immediately following exposure to light the number 
of impulses discharged in response to the test flash is less than the number 
elicited by this same flash when the sense cell is completely dark-adapted. 
The higher the intensity and the longer the duration of the preceding adapt- 
ing exposure, the greater is this initial reduction in sensitivity of the 
receptor. Recoveiy of sensitivity during dark-adaptation is rapid initially 
and approaches the dark adapted value asymptotically. Measured at a 
fixed level of sensitivity below the dark-adapted value, the rate of recovery 
following different amounts of light adaptation is slower the greater the 
initial light adaptation. Recoverj’’ follo^ving prolonged illumination at 
low intensity is slower than recoveiy following a short, bright flash, even 
though the initial reduction in sensiti\dty is the same in both cases. These 
results can be explained qualitatively by a visual cycle of photolysis and 
regeneration such as that proposed by Wald. 

Not only is the total number of impulses in response to a given test flash 
decreased follo-sving light adaptation, but the frequency of the discharge is 
also reduced. However, the frequency is much less affected than is the 
total number of impulses; the latency of the response is only slightly 
affected. Thus it is not possible to match responses obtained under differ- 
ent conditions of adaptation by merely altering the intensity of the test 
flash until the number of impulses is equal. During light- and dark- 
adaptation, therefore, other changes must take place in the visual sense cell 
than simple alterations in sensitivity due to altered concentration of photo- 
sensitive substances. 

Cortical responses to click stimulation. J. E. Hawkins, Jr. (introduced 

by H. Davis). Department of Physiology, Harvard Medical School, 

Boston, Mass. 

Responses of the auditory cortex of the anesthetized cat (Evipal, pento- 
barbital sodium, ether) to click stimuli have been anatyzed by several 
methods. 

Cortical responses (monopolar recording) are preceded by small waves 
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spreading from lower nuclei of the auditoiy pathway and a small positive 
wave from the auditory radiations. Two primal^’- response patterns of 
6-10 msec. latency are distinguished. Pattern I, occuring regularly in the 
anterior ectosyhdan gju-us, consists of a negative wave of 100^200 nY. 
lasting 15-20 msec., followed by a smaller slower positive wave (50-60 
msec.). Pattern II, predominant in the middle ectosyhaan gjuiis, consists 
of a positive wave of 200-500 nY. lasting 20-25 msec., followed by a nega- 
tive wave of almost equal amplitude and 50-80 msec, duration; this is 
usually succeeded bj’- a slow positive wave of small amplitude. Combina- 
tions of the two patterns may occur. 

Penetration of the cortex by 1 mm. or less causes response pattern I to 
replace pattern II, and after thermocoagulation of the outeimost layers 
of the cortex only pattern I can be recorded from the surface. Therefore 
elements essential for pattern II are located in the outer la3’^ers, while those 
responsible for pattern I are more \\'idel3’^ distributed 
The large negative wave of pattern II is much reduced if stimuli are more 
rapid than 10 per sec. It is eliminated b3’^ increasing the depth of anes- 
thesia vdth ether or b3’’ local application of pentobarbital to the cortex, and 
is enhanced by stiychnine. It probabl3' represents an efferent discharge 
from the cortex. 

Under ether a second positive wave (peak time 35-40 msec.) follows the 
fii-st positive component of pattern II (peak time 16-17 msec.). During a 
change to E\dpal anesthesia the second positive wave falls at progressively 
longer intervals after the first, becoming variable in appearance and latency 
(100-200 msec.). It has several points of similarit3' to the secondary 
response described b3’’ Forbes and Morison. 

A click applied to the ear simultaneous^’’ vdth an electrical stimulus to the 
cortex evokes in the opposite cortex a response which is found to be the 
simple summation of the responses to the two stimuli applied scparatel3’’. 

Methods useful to the physiological study of the biodynamics of stance. 
F. A. Hellebrandt, L. E. A. I^lso (b3’’ invitation), Rozeli. Henkel 
(b3^ invitation) and Corrine Fries (b3’’ in%’itation). Universiiy of 
Wisconsin, Madison. (Demonstration.) 

Oscillogmms of the .shifts in the center of gravit3' which occur in the 
vex'tical oidentation planes during standing indicate a high degree of con- 
stancy in the natural stance patterns of man. Wlien projected into the 
base of support the3’’ are slightU'^ eccentric, usualls' being forwardly^ dis- 
placed and asymmetric. The as3’mmetr3' is predominantly to the left and 
ma3’ be related to handedness, footedness and strength which are being 
measured. The repeatability of oscillographic patterns made periodicalb' 
during one hour of uninterrupted standing suggests that vdthin these 
limits, standing is indefatigable. B3' S3'^nchronizing the center of gra\dt3’' 
observations -vrith simultaneous biplane photograph3" a record ma3’ be 
obtained of the influence of van’ing gravitational sti'esses upon the postural 
disposition of the multijointed skeletal paits. If the postural swa3' is 
excessive in the transverse vertical plane, shifting plysiological cuivatures 
of the vertebral column, compcnsator3’ in nature, ma3^ be observed. B3^ 
.superimposing successive photographs taken at 5, 10 or 15 second intervals 
during rcla.xed and comfortable standing, the major compensator3’’ adju.st- 
ments mn\' be localized. The.se are mo.st conspicuous at the knee and in 
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the region of the lumbar spine, suggesting that the body does not sway 
in toto over the ankle joints. 

I 

Chemical temperature regulation of the dog. Allan Hemingway. The 
Medical School, University of Minnesota, Minneapolis. 

Chemical temperature regulation, defined as the control of heat produc- 
tion of an animal in response to cold, has been divided into two parts, 
namely, 1, a preshivering component, and 2, shivering. Experiments 
have been performed to determine whether or not the presliivering compo- 
nent exists in normal dogs and its relation to shivering. 

Dogs trained at least two months were used. In an experiment each 
animal was placed in a metal box \rith hollow walls through which water of 
controlled temperature circulated to produce a measurable and uniform 
rate of cooling. The dog’s head was sealed in a head mask connected to a 
metabolism apparatus for measuiing rate of oxygen consumption, CO 2 and 
water production. After a one hour rest the metabolism was measured, I, 
during a basal period, II, during a cooling period in which the metal box 
temperature was lowered to produce shivering in 20 to 40 minutes, and III, 
during the subsequent period of shivering. Shivering was determined by 
electrical recording of amplified muscle action currents, a sensitive mechan- 
ical recorder and Ausual inspection. Skin and rectal temperatures, respira- 
tion and heart rates were also measured. In control experiments basal 
conditions of temperature were maintained throughout the three periods. 

Twelve to sixteen experiments were performed on each of two well trained 
and cooperative dogs. Of special interest were the metabolism and elec- 
trical changes during the second (preshivering) period. During this 
period one dog exhibited an average increase of six per cent in metabolism 
while the other dog increased his metabolism an ai’^erage of eleven per cent. 
These differences, which are significant in regard to number of experiments 
and controls, lead to the conclusion 1, that a preshivering rise in metabolism 
occurs; 2, that the preshivering metabolism is small and varies vdth differ- 
ent animals, and 3, it is not directly related to the shivering process. 

The infra-red absorption spectra of estrogens, androgens and related 
steroids.^-- Carl M. Herget (by in\dtation) and Ephraim Shorr. 
The Russell Sage Institute of Pathology in affiliation with The New York 
Hospital and Department of Medicine, Cornell University Medical Col- 
lege, New York City. 

The infra-red spectra of a iiimiber of androgens, estrogens and related 
steroids in the solid state have been obtained using the J. D. Hard}'^ infra- 
red spectrophotometer. Unlike visible and ultraviolet absorption spectra, 
which reflect the electronic state of the molecule, the appearance of the 
infra-red absorption is determined by atomic groupings. This region, 
therefore, could be expected to jdeld unique absorption spectra. Other 
advantages of the method are its rapidity, only one scanning being necos- 
sarj^ for a complete analysis and the small samples required (3-5 mgm.) 
which are unaffected bj’’ the anal 3 ’’sis. 

Among the compounds studied in the pure state were androsterone, 

* Aided by the Wyeth Endocrine Fund. 

- The compounds studied were generously supplied bj' Dr. Erwin Schwenk of the 
Sobering Corporation. 
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dehydroandrosterone, androstenedione, isoandrosterone dehvdroiso- 

drosterone, testosterone, androsterone benzoate, ’alphaistradiol 

’ cholestenone, desox3^coi’ticosterone, pregnenolone pro- 
gesterone, cholestanone and cholesterol. P^efeuenoione, pro- 

compounds hpe, in the solid state, unique infra- 
d absorption spectra, except spacial isomers which have similar spectra 

facial isomerc bj carrjnng out the observations in appropriate solvents 

suJTft. ‘\T 'Vith. certainly SterceS 

hvS^I Mroxj'i, are present. Eetonic and 

te ol tte ?7-ca?bm atm f™"> 

icaT^m^r^^^^ applicable to the analysis of compounds present in biolog- 

The effects of renin and of angiotonin on the renal blood flow and blood 
pressme of the dog. J . F. Herrick, A. C. Corcor.vn and H. E. Essex. 
Bimsion of Expenmentnl Medicine, The Mayo Foundation, Rochester, 

Tt^ Laboratory for Clinical Research, Indianapolis 

City Hospital, Indianapolis, Ind. 

Rfmin and angiotonin have been observed to increase arterial pressure 
pd decrease mnal blood flow in studies in which blood flow was measured 
mairectly either by clearance and extraction of phenol red and inulin 
mougli the explanted dog’s kidnej’-, or by the clearance of diodrast (Cor- 
oran ana rage). Both substances were given intravenously Iw slow infu- 
sion m these expenments. Steele and Schroeder have studied the effects 

of renin on the blood flow in the renal 
other arterial vessels of the dog b}*" the means of thermostromuhr 

mnal Woo^^flow ^ ^ injections were usiiall}^ followed by increased 

.1 ^^^oordpt results prompted the present investigation, in which 

^ e 11 ec cm lent thermostromuhr was used as the measure of arterial flow. 

pppments were performed on seven dogs, four of which were 
Ki^riri ^ j pentobarbital sodium during the observations of renal 
• , _ ow and femoral arterial pre.ssure. Femoral blood flow was obseiwcd 
tL ° + these dogs. The remaining three dogs had been trained and the 
e •mostiomuhr unit applied several days before observations of blood flow 
and blood pressure. 

Single, injections or slow intravenous infusions of renin or angiotonin 
^ increase in blood pressure and a decrease in renal blood 

.1 t tie response to renin was usuallj'- delayed and prolonged, whereas 
e e pt of anpotonin was more immediate and relatively transient. Tiie 
pigmtude of the response depended on the dose administered. Vai^dng 
grees of i efractoriness, manifested in tot al or partial lack of response to 
s sequent injptips, appeared in all but one instance after slow infusions 
a p cc. of either substance. One trained dog failed to develop the 
re rp.top state and pntinued to .show marked reductions of renal lilood 
giotonin arterial pro.ssure with succeeding injections of an- 

The effect of renin and angiotonin on the blood flow in the femoral 
a orj V as initially diphasic, although a .significant increase of blood flow 
occurred later. » 
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Comparative effects of stimulants on infant and adult cerebral tissues.^ 
Herman Herrlich (by mutation), Joseph F. Fazekas (by invitation) 
and Harold E. Himwich. Department of Physiology and Pharmacology, 
Albany Medical College, Union University, Albany, N. Y. (Read by 
title.) 

The cerebral metabolism of infant and adult rats was compared in the 
presence of various stimulants: methylene blue, p-phenylenediamine, 
potassium, and increase of temperature. Minced tissues were suspended 
in Ringer’s solution buffered Muth phosphate at pH 7.4 and placed in a 
Warburg respirometer. 

Dixon has previously demonstrated that the oxj'gen consmnption of 
adult cerebral tissues increases about 50 per cent when O.IM K is added to 
Ringer’s solution. The present results reveal that the response to K is 
slight in rats 1 to 10 da 5 ’’s of age. The stimulatoiy effect of K increases 
with age and in rats 25 days old is of the same magnitude as the adult. In 
a similar fashion the increase of oxj^gen consumption with a rise of tern 
perature is greater in the adult than in the infant. With a rise of tempera- 
ture from 38° to 42° the acceleration of metabolism per hour is 17 per cent 
for the adult and 10 ]ier cent for the infant. The same amounts of p-phen- 
ylenediamine are oxidized more rapidb' by the adult than by the infant 
brain. The acceleration of metabolism in the adult decreases after 20 
minutes while in the infant the increase, though smaller, is maintained 
throughout the observation period of one hour. With glucose as substrate 
the time required for the decolorization of 2 cc. of 0.0002 per cent methylene 
blue bj' 500 mgm. of cerebral tissue of adult rats is 14.8 minutes (average 
of 10 observations) and 34.1 muiutes for the infant (average of 9 observa- 
tions). The results with methylene blue and p-phenylenediamine indicate 
lower concentrations of dehydrogenase and oxidase in the young. The 
lesser stimulatory effects of K and increase of temperature suggest that 
in the young these enz^mies maj’’ be working closer to their maximum 
activity. 

Vascular reactions of the finger to cold.^ A. B. Hertzman, L. W. Roth 
(by invitation) and J. B. Dillon (by in^dtation). Department of Physi- 
ology, St. Louis University School of Medicine, St. Louis, Mo. 

The vascular reactions of the finger to its local chilling, previouslj^ de- 
scribed by Lewis and others, have been examined by means of the photo- 
electiic plethysmograph. 

On adequatel}'- cooling a single finger, vasoconstriction occurs not only 
there, but also in the “control” fingers of both hands. The constriction 
occurs at once and independently of the presence or absence of pain. 
Usually, it is more profound and lasts much longer in the chilled finger, but 
during its existence vasoconstrictor acthdt 3 ^ is enhanced in the “control” 
fingers of both hands even though the chilled finger becomes numb from 
cold. After a variable period (2 to 8 min. or more), dilatation begins in 
the chilled finger, reacliing its maximum in a progi’essive manner. During 
the earlj'- part of the dilatation and also during the latter part of the initial 
constriction, vasoconstrictor paralysis (complete or partial) is often but not 

1 Aided by a grant from the Child Neurology Research (Friedsam Foundation). 

* Aided by a grant from the Committee on Therapeutic Research, Council on 
Pharmacy and Chemistry, American Medical Association. 
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ahvaj’^s present in the chilled finger. Often this shows in the fonn of a 
progressive or delaj’^ed constriction contrasting sharply with that in the 
“control” finger. The period of dilatation ends (when it does) onl}’’ through 
the action of vasoconstrictor discharge. 

These and other similar observations emphasize the importance of vaso- 
motor reflexes elicited by the theimo-sensory and other stimuli, in. these 
reactions to cold. They neither aflirm nor deny a possible participation 
of arterio-venous anastomosis in the reactions. It appears, however, that 
the pad arteries dominate the plethysmograms. 

In the normal subject, the foim of the pulse wave in the chilled finger is 
not appreciably affected either dm-ing the constriction to cooling or in the 
subsequent reaction of dilatation. The propagation of the wave ma3^or 
may not be slower in the chilled finger than in the “control.” 

In a few subjects, otherwise normal, chilling of the finger resulted in a 
noimallj’’ appearing finger pulse becoming similar to that observed in cases 
of hypertension and arteriosclerosis (described elsewhere). This change 
was most noticeable during the dilatation. The reasons for this shift have 
not been determined but are apparentlj’^ related to the elevation of pre- 
dicrotic wave — “Zwischenschlag” — so that it becomes the crest of the Avave. 

The relation, of various hypothalamic lesions to adiposity and other phenom- 
ena in the rat. Albert Hetherington (introduced bj”^ S. W. Ranson). 

Instiiute of Neurology, Northwestern University Medical School, 

Chicago, III. 

Study of a second series of 22 rats in Avhich lesions of A’^arious sizes have 
been placed in seA’-eral different parts of the hypothalamus AAuth the Horslej’’- 
Clarke instrument leads to the following tentative conclusions. 

Obesity is not produced bj’’: 1, bilateral interruption of the fornix, Avith 
small damage to surrounding tissue in the anterior hypothalamus; 2, 
medium-sized sj^mmetrical lesions of the caudal half of the anterior hypo- 
thalamic area and rostral ends of the A’^entromedial hypothalamic nuclei; 
3, large_ lesions destro.ying most of the mammillaiy body; 4, large lesions 
dcstro 3 ung almost, all of one .side of the h 3 >-pothalamus. 

Obesit3" can be produced b3^; 1, fairly S3’’mmetrical lesions limited to the 
A-entromedial h3’pothalamic nuclei, the medial hah’^es of the lateral h 3 'po- 
thalamic areas, and the A’^entral portions of the dorsomedial h 3 ’^pothalamic 
nuclei; 2, fairly s3Tnmetrical lesions limited to the caudal ends of the A’^entro- 
medial and dorsomedial h 3 ’^pothalainic nuclei, the premammillaiy group 
of nuclei, and the adjacent parts of the lateral h3q30thalamic area. A 
considerable degree of symmetiy in the location of the lesions on the two 
sides appears to be important for producing obe.sit 3 '. The possibiiit3’^ 
remains that destruction of other regions of the lypothalamus as yet 
unexplored ma 3 ' cause the disturbance. 

Complete^' nonnal sex C 3 'cles seldom occurred in either obese or non- 
obese operated animals; commonest AA’erc C3reles irregulai’ in length, and 
prolongation of some phase (usualb' at 3 ’-picai) of the C 3 rele other than that 
of dioestrus. Diabetes insipidus Avas found onb* in animals hoAung le.sions 
immediatch' caudal and medial to the supraoptic nuclei, or in the median 
eminence. Food intake and actiA'itA' cage experiments rcA'caled that an 
enormous decrease of actiAu'ty^ on the part of the operated animals «'a.s 
probabh' more rc.sponsible than augmented food intake for the obe.sity. 
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However, spontaneous running was greatlj’’ reduced even in non-obese 
operated animals. 

In most of the cases in which serial sections of the h3T3ophyses of the fat 
animals were examined the lesion did not enter the pituitary. Histological 
differences between these glands and those of normals are not conspicuous. 

The control of glomerular function in the seal (Phoca vitulina, L.). Ed- 
win P. Hiatt and Stanley E. Bradley (introduced by H. W. Smith). 
Department of Physiology, New York University College of Medicine, 
New York City, and the Mount Desert Island Biological Laboratory, 
Salsbury Cove, Maine. 

Marine mammals apparently meet their water requirements entirely 
from the water derived from their food. It is to be suspected that such 
animals vdll show speciahzation of renal function to conserve their meager 
supply of water. We have endeavored to determine the nature of this 
specialization hy measuring the glomerular filtration rate and the renal 
plasma flow in young harbor seals. 

We have taken the creatinine clearance as a measure of the glomerular 
filtration rate, and have considered the diodrast clearance to be a very close 
approximation of the renal plasma flow. For each experiment an animal 
was removed from the floating trap in which they were kept and strapped 
on its back in a trough. Creatinine was administered bj’’ stomach tube 
about an hour before collections were be^n. Diodrast was injected under 
the loose skin of the flippers about 40 minutes later. Urine was collected 
by catheter and blood was taken in an oxalated S 5 Tinge from the flipper 
veins. 

Shortly after ingesting a kilogram of herring, the filtration rate and the 
renal plasma flow of these animals increased markedl}’’, in some instances 
as much as four times the fasting level. This increase lasted for several 
hours after feeding but disappeared vdthin twent 5 Mour hom’s. 

The creatinine/diodrast clearance ratio remained almost constant at 
about 0.30 over the whole range included in our experiments. This indi- 
cates that the increased blood flow is due, in part, to a dilation of the affer- 
ent renal arterioles. This ratio is constant onty if care is taken to avoid 
trauma and excitement. Wlien such pi’ecautions are not observed the ratio 
is higher, indicating a constriction of the efferent renal arterioles. 

Tolerance of the newborn to hypoxia and anoxia.^ Harold E. Hn\rwiCH, 
F. A. D. Alexander (by invitation) and Joseph F. F.\zekas (by invita- 
tion). Department of Physiology and Pharmacology, Albany Medical 
College, Union University, Albany, N. Y. 

This report presents evidence that the infant is more resistant than is the 
adult both to hj^poxia and hypoglycemia. Mature rats placed in a jar 
containing nitrogen stop respiring in from 3 to 4 minutes and cannot be 
resuscitated while newborns in the same jar live 50 minutes. These results 
were observed at room temperature, 24°C. I^ffien the cmdronmental 
temperature is raised to 35°C., the newborn sumves 20 minutes. In an 
atmosphere of nitrous oxide the results are similar but in carbon dioxide 
respiratory efforts persist for 25 minutes onl 5 '- and in cyclopropane for 15 


^ Aided by a grant from the Child Neurolog3’^ Research (Friedsam Foundation). 
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minutes. Sensitivity to these gases increases with age and at approjd- 
mately 12 days of age the suiwivai period is the same as that of the adult. 

Experiments on puppies yield comparable results. Newborn dogs sur- 
vive from 24-35 minutes and samples of arterial blood dra^vn at different 
intervals starting as soon as 5 minutes after the initiation of the inhalation 
of nitrogen reveal no oxygen within the error of the method. In those 
experiments in which the anoxia was prolonged until the animal succumbed, 
electrocardiograpliic studies disclosed that the heart continued beating 
after respiration had ceased. The heart of the puppy, like its central 
nenmus system, is more resistant to anoxia than the adult. Further experi- 
ments on puppies disclose that these animals can tolerate a mixture of 5 
per cent oxygen in nitrous oxide for much longer periods than can adult 
animals. Puppies 1 to 12 days of age withstand this mixture for at least 
3 hours despite blood oxj'-gen levels persisting between 4 and 5 volumes 
per cent. In the same gas mixture adult animals sur\ave only 10 to 15 
minutes. Newborn rats ma 3 ’’ live in a mixture of about 5 per cent ox 3 ^gen and 
95 per cent nitrous oxide for more than 7 hours. Adult rats tolerate the 
same mixture for less than 20 minutes. 

The low cerebral metabolic rate of the infant can explain the prolonged 
suiwival time onty in part since the metabolic rate remains low while toler- 
ance to anoxia rapidly decreases. Factors which may contribute to make 
the newborn relativel 3 ’’ tolerant to anoxia are 1, low cerebral metabolic 
rate; 2, poikilothermia, and 3, anaerobic source of energy. 

Hypoglycemia in the infant rat.^ Harold E Himwich, Joseph F. Fa- 
ZEKAS (by invitation) and F. A. D. Alexander (by invitation). De- 
-pariments of Physiology and Pharmacology and Anesthesia,^ Albany 
Medical College, Union University, Albany, N. F. (Read by title.) 

The present experiments demonstrate that infant rats tolerate hypo- 
glycemia better than adults. Adult and infant rats each received the 
same dose of insulin, 10 units. The adult rats became comatose and 
sometimes died while the young resisted coma and survived from 5 to 10 
hours despite the fact that on a weight basis their dose was at least 10 times 
greater. Determinations of blood sugar reveal that the prolonged survival 
period of the infant rat is not due to insulin resistance for their blood sugar 
assumed hypogb^emic levels. Anoxia superimposed in h 3 pogl 3 ’’cemia 
acts S 3 Tiergisticall 3 ’- in the newborn as in the adult and the animal succumbs 
sooner than with either alone. The smwival time of newborn rats injected 
with insulin and subjected to the inhalation of nitrogen was reduced from 
50 minutes to 25 minutes. Even when insulin is not administered glucose 
injected intrapcritoneall 3 ’ or subcutaneousb'- protects rats exposed to 
anoxia. The survival i^criod of infant animals 8 to 10 da 3 ’’s of age is pro- 
longed from 7 to 15 minutes, if they receive glucose before the inhalation of 
nitrogen. 

Some effects of COa, anoxia and alcohol on respiration. Fred A. Hitch- 
cock. Department of Physiology, The Ohio State University, Columbus. 
Experiments have been carried out in wliich the effects of high concen- 
trations of CO 2 , low concentration of O 2 , and the ingestion of alcohol on the 
re.spiration of human subjects have been compared. The effect of supor- 

‘ .Aided b}’ a grant from the Child Neurology Research (Fricd.snm Foundation). 



PROCEEDINGS 


P329 


imposing alcohol on CO 2 increase and anoxia has also been noted. "V^lien 
the CO 2 of the inspired air is increased to about 7.5 per cent the ventilation 
volume was raised from 200 to 450 per cent. Usually both tidal air and 
rate were increased. Lowering the O 2 in the inspired air to about 6 per cent 
increased the ventilation volume from 90 to 125 per cent. This effect was 
exclusive!}'' on the volume of the tidal air. The ingestion of moderate 
amounts of alcohol (blood concentration ranging from 0.5 to 0.8 mgm. per 
cc.) acted first as a stimulant to respiration and then as a depressant. The 
period of stimulation lasted for not more than 30 minutes. Following this 
initial period of stimulation alcohol decreased the stimulating effect of both 
' CO 2 and anoxia. The decrease was most pronounced in the case of anoxia 
which seems to indicate that the depressing effect of alcohol is more pro- 
nounced on peripheral reflexes than on the respiratoiy center itself. 

Revival of mammalian sperm after imm ersion in liquid nitrogen. Hud- 
son Hoagland and Gregory Pincus. Clark University, Worcester, 
Mass. 

Luyet and Hodapp (Proc. Soc. Exper. Biol, and Med. 39: 433, 1938) 
reported that an appreciable percentage of frog sperm, after partial plas- 
molysis, can sm’^dve immersion in liquid an. Rapid cooling and warming 
is necessary, the sperm passing in and out of the vitrified state vdthout 
having time to freeze (i.e., cr 3 ’'sfallize). These workers could not demon- 
strate revival of similarly treated rat sperm. Shettles (Am. J. Physiol. 
128: 408, 1940) obtained re'vdval of a few per cent of human seminal sperm 
after immemion of small samples in capillar}' tubes in liquified gases. 

We have used human seminal sperm from the same donor in a series of 
experiments attempting to improve the viable yield after immersion in 
liquid nitrogen followed by rapid warming. Films of seminal sperm several 
hours after emission, trapped on small wire loops and dipped in liquid 
nitrogen, showed, in general, less than one per cent of motile sperm re^dv- 
able. This yield could be improved to several per cent with less than hour- 
old suspensions. Our best results to date have been obtained by mixing 
the fresh human seminal speim samples with rabbit serum and entrapping 
them in thin bubble films blown from a fine pipette. These bubbles in the 
foi'm of an air emulsion, transferred by wires to liquid nitrogen, have 
produced }aelds as high as 40 to 50 per cent of \dable sperm after rapid 
warming. These re^’ived speim show the same type of motility as do 
controls. 

Speim from the vas deferens of 14 rabbits have been studied to date 
under a variety of conditions of pretreatment. We have .obtained only 
about 0.1 per cent of live rabbit sperm after bubble film exposure to liquid 
nitrogen from two animals. On one occasion the pretreatment consisted 
of two minutes’ plasmolysis of rabbit serum sperm suspended in Ringer 
solution 5 times the isotonic concentration. A. similar yield was obtained 
by plasmolysing a suspension vdthout serum for 10 minutes in a Ringer 
solution of tmee the normal Ca content. 

Correlation between the secretory power of the frog kidney and the molecu- 
lar configuration of organic compounds. Rudolf Hober. Department 
of Physiology, School of Medicine, University of Pennstjlvania, Phila- 
delphia. 
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In previous experiments on the isolated Ringer perfused frog kidney 
it has been foimd that the sulphonic acid azodyestuifs undergo secretory 
transfer across the proximal tubules, provided the sulphonate groups are 
attached to one of the molecular halves of these dyes, whereas the distribu- 
tion of the sulphonate groups to both halves, in general, impedes the secre- 
tion. It was concluded that a polar-nonpolar or a hydrophilic-organophilic 
structure is a prerequisite for the attachment of the dye molecule to the 
surface of the Mdne}’’ cells. — ^These previous studies have been extended with 
the use of more simple organic compounds. The kidney was supplied vith 
only one half of the azodye molecules and this half, upon reappearing in the 
secretion, was coupled in a diazo reaction to the other half and deteimined 
colorimetrieally. The following results were obtained: the monosulpho- 
nates of naphthylamine, naphthol and aminonaphthol, irrespective of the 
mutual location of the NH 2 , OH and HSO 3 groups, appear in the secretion 
at a higher concentration level than that in the perfusion fluid, whereas the 
disulphonates fail to become accmnulated. It is suggestive to interpret 
these results in a way similar to that proposed with regard to the behavior 
of the azodyestuffs: organotropic affinities are exhibited by the naphthalene 
ring S 3 fstem as well as bj* the NHa and OH groups, hydrotropic affinities by 
the sulphonates. If the opposing forces balance each other, there is an 
attachment of the molecule at the interfacial boundary, a preliminary step 
in the active transfer. This h 5 ’’pothesis is supported, for instance, by 
comparing 1, aminonaphthalenesulphonic acid; 2, sulphanilic acid; 3, 
sulphanilyl-sulphanilic acid; 4, sulphanilyl-sulphanilamide; 1 and 3 were 
concentrated in the secretion, 3 and 4 were not. 

A further study of pupillary responses to electrical stimulation of the fore- 

and mid-brain. Robert Hodes (by invitation) and H. W. Magoun. 

Insliiuie of Neurology, Northwestern University Medical School, Chicago, 

Hit 

Since recent work has emphasized the importance of oculomotor inhibi- 
tion in reflex dilatation of the pupil, it is desirable to determine the central 
pathways concerned. As a preliminary step, the regions of the upper 
brain-stem of the cat which upon stimulation jdeld pupillaiy dilatation have 
been explored with the Horsley-Clarke technique, and the oculomotor- 
inhibitory and sympathetic-excitatory areas compared. 

Pupillaiy dilatation effected bj’^ oculomotor inhibition is elicited froni a 
widespread area including the medial part of the basal forebrain, the entire 
extent of the hjqjothalamus vdth a dorsal projection into the midline region 
of the thalamus, and in the midbrain from the central gray and the teg- 
mentum. 

Dilatation of the pupil effected by sjnnpathetic excitation was not ob- 
tained from stimulating the basal forebrain in front of the optic chiasma, 
but was elicited from the antero-posterior extent of the hypothalamus. In 
the midbrain, responsive points were confined to the tegmentum. 

Concomitant observations of other sympathetic effects (piloerection, 
retraction of the nictitating membrane, rise of blood pressure) reveal a 
distribtition of excitable regions analogous to those for sympathetic dilata- 
tion of the pupil, rather than to those for dilatation W oculomotor in- 
hibition. 

Although these results do not define the central pathway's involved in 
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reflex, emotional and other pupillary dilatation, they provide a foundation 
for further studj’- of such mechanisms. 

Cholinesterase in the spinal cord of cats after section of dorsal roots.^ 
'E. C. Hoff and D. Nachmansohn. Laboratory of Physiology, Yale 

University School of Medicine, New Haven, Conn. 

If the activity of cholinesterase is intrinsically related to nervous func- 
tion, degeneration of nerve fibers should lead to a decrease in this activity. 
A small decrease has previousty been found at the motor endplates of the 
gastrocnemius muscle of guinea-pigs after denervation, whereas in the 
superior cer\’ical ganglion of cats a considerable reduction of cholinesterase 
concentration was observed after section of preganglionic fibers. It was 
suggested that the amount of reduction depends upon the surface extent 
of the degenerated nerve fibers. Therefore, the difference between end- 
plates and ganglia ma}’’ be partty attributed to the extensive endarboriza- 
tion of preganghonic fibers not paralleled by the motor nerve endings in 
guinea-pig muscles. 

The effect of nervous degeneration upon cholinesterase activity vdthin 
the central nervous S 3 ’’stem has now been studied. Unilateral section of 
the dorsal roots of the Illd to Vllth lumbar segments of the spinal cord 
was earned out in cats, and the enzyme concentration determined in the 
dorsal and ventral horns of the Vlth Imnbar segment at various intervals 
after operation. 

In normal unoperated cats the average Q CH.E. (mgm. acetylcholine 
split by 100 mgm. of fresh tissue in 60 min.) were 16.1 and 16.0 for the left 
and right dorsal horns respectively. In the ventral horns the average 
Q CH.E. values were 20.4 (left) and 21.7 (right). In the operated cats 
the cholinesterase concentration decreased approximately equally in all 
four horns. The average Q CH.E. fell to 10.9 (minus 32 per cent) in the 
left and 11.7 (minus 27 per cent) in the right dorsal horn. For the ventral 
horns the corresponding values were left 14.7 (minus 28 per cent) and right 
16.3 (minus 25 per cent) . After 6 daj’^s the maximum reduction of Q CH.E. 
has already been reached and there is no further reduction in animals 
sacrificed as late as 40 daj'^s after opei'ation. It is noteworthy'- that the 
period of maximal decrease in Q CH.E coincides vdth the period during 
which the boutons tenninaux undergo degeneration. 

The cause of death in experimental anuria.^ H. E. Hoff, P. K. Smith 

(by invitation) and A. W, Winkler. Laboratories of Physiology and 

Pharmacology, and Department of Internal Medicine, Yale University 

School of Medicine, New Haven, Conn. 

Dogs in which the kidneys have been asepticalty removed or the ureters 
ligated were followed until death. Electrocardiograms and blood samples 
were obtained at intervals before and at the exact moment of death. 
Concentration of potassium in serum rose progressively until a level capable 
in itself of causing death was attained. The sequence of electrocardio- 
graphic changes prior to death Avas identical Avith the quite characteristic 

' Aided by a grant from the Dazian Foundation. 

- Aided by grants from the Committee on Therapeutic Research of the American 
Medical Association, the Ella Sachs Plotz Fund and the Fluid Research Fund, Yale 
University School of Medicine. 
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sequence in normal animals associated -with continuously rising concen- 
tration of potassium. These include: first, an increased height of the T 
wave followed hy a drop in the ST segment; then disappearance of the P 
wave, and, finally, intraventricular block and cardiac arrest. Administra- 
tion of potassium salts in small amounts immediately following the initial 
establishment of anm’ia was followed by death at an earlier time and vdth 
less increase of the blood nonprotein nitrogen, but with the same level of 
potassium in seiami. It is concluded that death in this type of anuria is 
due to cardiac arrest induced by an elevated concentration of potassium 
in serum, which is in turn due to a breakdovm of tissue and failure of the 
body to excrete or store released potassimn. 

Dogs with anuria foUovdng intravenous injection of mercur}’’^ usuallj’’ 
died from some other cause before the concentration of potassium had 
risen sufficiently to cause death. Potassium poisoning is not the usual 
cause of death in human neplmitis. 

1 

Resistance to slowly increasing doses of sodium pentobarbital* in the white 
rat: duration of higher tolerance after parturition and effects of age, sex, 
castration and administration of testosterone propionate.^ Harald 
G. 0. Holck® and Donald R. Mathieson (by inAutation). Depart- 
ment of Physiology and Pharmacology, College of Pharmacy, University 
of Nebraska, Lincoln. 

Development of tolerance and ability to destroy^ pentobarbital were 
studied in two experimental series upon 536 rats divided into 25 groups. 
The starting subcutaneous dose of sodium pentobarbital was 11.7 or 10.9 
mgm./kgm, and every 90 minutes another injection Avas made until eaph 
animal died; successive dose increases ivere 3.22 or 4.5 per cent. Chief 
results: I. Postpartum: The high percentage of tolerance observed three 
weeks after parturition was absent five weeks later. II. Age and sex: 
Rats (both sexes) one month old were most resistant to pentobarbital; 
those two months old — particularly the females— distinctly less, and full 
grown rats least of all, again the females less than the males. III. Castra- 
tion: In adult males castration reduced the tendencj’^ to develop tolerance 
but not the ability to destroy pentobarbital once tolerance was established. 
Thirty-five per cent of the spayed females became tolerant, only 9 per cent 
of the unspayed animals; the tolerant spayed females, when two months 
old, destroyed more pentobarbital than the unspayed (97 against 74 mgm./ 
kgm.). R’’. Testosterone propionate (Perandren) Effects: Subcutaneous 
injections of the oil solution of the ester equivalent to 1 mgm./kgm. of 
testosterone (2 mgm. in one series of normal males and females) were made 
daily for 3 or 10 full da 3 ^s prior to and daily during the pentobarbital in- 
jections until death. A. Normal adult males showed no effects. B. 
Three-day administration increased the number of castrated males de- 
veloping tolerance (83 against 52 per cent). The 10-day administration 
was still more effective (95 per cent). C. Sixty-five per cent of the noimal 
adult females receiving hormone 10 days developed tolerance as compared 
Avith 9 per cent of the untreated animals. Three-daj' administration pro- 

' Courtesy of Eli Lilly and Company. 

- Donated hy Ciba Pharmaceutical Products. 

^ Aided bj' a grant from the Committee on Therapeutic Research, Council on 
Pharmacy and Chemistrj*, American Medical Association. 
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duced no significant change. Two mgm./kgm. were not more effective 
than 1. D. The percentage of spayed females developing tolerance was 
markedly increased by the 10-day and less by the 3-day administration 
(85 and 74, respectively, compared with 35 per cent in untreated castrates). 
Capacity to destroy pentobarbital was increased in the tolerant spayed 
females after 10-day hormone treatment. 

The synchronization of cerehro-cortical potentials. C. G. Holland 
(introduced b 3 '^ S. W. Britton). Physiological Laboratory, University 
of Virginia Medical School, University. (Read by title.) 

Alpha and delta activities as recorded by the electroencephalograph 
represent energ}'- output per unit time interval. Tliis energy is variable, 
depending on*the actmty of cortical neurones during the interval measured. 

In 20 normal subjects and in 10 cases representing various pathological 
states it was found, bj’' direct measurement of the tracings, that there was 
a parallelism between delta and alpha activity for total outputs of energy 
from second to second. The same parallelism was, moreover, apparent 
when alpha and delta activities were reduced jto average waves and com- 
pared. 

In this latter case a proportional correspondence was evident. Thus, 
for example, when in a certain subject the average duration of delta waves 
(produced by hj'perventilation) was found to be 4 times the duration of 
the average normal alpha deflection, the average peak output for delta 
waves was approximately 4 times that of the average alpha deflection. 

It is suggested therefore that delta deflections, whether occurring in 
noiTnal or pathological subjects, represent summations of normal alpha 
actmty. 

The effect of positive and negative intra-thoracic pressure on right auricular 
and peripheral venous pressure. J. P Holt (introduced by Hampden 
Lawson). Department of Physiology, University of Louisville School 
of Medicine, Louisville, Ky. 

It has been shown (Lj’^ons et al. Am. Heart J. 16: 675, 1938; Holt. 
Am . J. Physiol. 130: 635, 1940) that the collapse of peripheral veins may 
maintain the peripheral venous pressure at a normal or high level. Since 
it is generally agreed that the pressure in the right auricle is sub-atmos- 
pheric and that the pressure in the veins just before entering the chest is 
sub-atmospheric, it was thought that small changes in right auricular 
pressure might not affect peripheral venous pressure because the veins just 
before entering the chest might be partially collapsed. 

In barbitalized dogs, with the chest closed, and placed in the supine 
position, peripheral venous pressure was measured in the femoral, cephalic, 
or jugular vein by a modification of the method of Moritz and Tabora. 
Right auricular pressure was measured by means of a water manometer 
connected to a cannula that passed into the right auricle by Ava 3 '- of the 
external jugular vein. The trachea was cannulated and connected to a 
breathing chamber in which the pressure was varied between 20 cm. 
above and 20 cm. below atmospheric pressure. 

The auricular pi-essure decreased markedly when negative pressure was 
applied in the chamber, while peripheral venous pressure remained ap- 
proximately constant. II\Tien small positive pressures were applied in 
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the chamber auricular pressure increased while in some cases peripheral 
venous pressure remained constant. ’RQien high positive pressures were 
applied in the chamber both auricular and peripheral venous pressures 
increased. The veins which enter the upper end of the chest were observed 
normally to be partially collapsed and to collapse further with negative 
pressure in the chamber. Sircar results were obtained on models using 
thin walled collapsible tubes to represent veins. 

It is suggested that peripheral venous pressure is maintained at its 
normal value when auricular pressure is decreased and, in some cases, when 
auricular pressure is increased, because the veins just before entering the 
chest are collapsed to a greater or lesser degree depending on the auricular 
pressure, and that the collapse changes the resistance to the flow of blood 
along the veins and maintains peripheral venous pressure approximately 
constant. 

The respiration of brown adipose tissue and kidney of the hibernating and 
non-Mbemating ground squirrel. Wai^ter E. Hook and E. S. Guz- 
man Barron (introduced b}"" A. J. Carlson). The Lasker FouixdaMon 
for Medical Research and the Department of Medicine, JJniverdiy of 
Chicago, Chicago, III. 

The brown adipose tissue of the groimd squirrel shows considerable 
metabolic acthdty when compared with white adipose tissue and with 
tissues of high metabolic activity. The O 2 consumption of slices of brown 
adipose tissue was 17.1 ± 3.65 c. mm. per mgm. of diy, fat-free weight. 
The optimum activity was found at pH 7.31 vdth O 2 as gas phase. The 
resphation seemed to show seasonal variation vdth the lowest figures in 
summer and the highest in faU. The R.Q. was 0.80. The anaerobic 
glycob'^sis in the absence of glucose was 4.0 c.mm. CO 2 ; on addition of 
glucose it rose to 6.0. The tissue oxidized succinate and pjuuvate with 
the same activitj'^ as kidnejq it also oxidized lactate, citrate, a-ketoglutar- 
ate, fattj’" acids, and amino acids. The respiration ivas almost completely 
abolished by HCN. The tissue contained cjdochrome c, and the actiidty 
of its cytochrome oxidase was 14 per cent that of the heart. The diphos- 
phothiamine content of the tis.sue was 18 microgi’ams per gram, three times 
that of the liver, and decreased only 15 per cent after six weeks hibernation. 
The ascorbic acid content of the tissue was 0.111 mgm. per gram, one-third 
that of the liver. The respiration of the kidney at S^C. was 15 per cent 
that of the respiration at 38°C., whereas the respiration of brovoi adipose 
tissue was 36 per cent. In hibernation, therefore, while other tissues 
reduce their metabolism to a minimum, brown adipose tissue still retains 
one-third of its optimum activity. 

Effect of lowered body temperature on heart rate, blood pressure, and 
electrocardiogram. E. Hook and R. T. Stormont (introduced by 
E. M. K. Ceiling). Departments of Medicine and Pharmacology and 
thcOthoS. A. Sprague Memorial Institute, University of Chicago, Chtcago, 
III. (Read by title.) 

The bod 3 ' temperature of dogs and cats anesthetized with ether or sodium 
barbital was reduced by the application of crushed ice to the animal s 
bod\'. Deep rectal temperatures were obseiwcd. The blood pressure 
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was recorded raanometrically from the carotid arteiy in the cats and was 
taken by repeated femoral puncture in the dogs. No essential, differences 
were noted betiveen the two species. Electrocardiograms in the dogs 
were taken -wnth the three conventional leads. The averages of the results 
obtained are summarized in the following table: 


Bodj’’ temperature, °C 

38 

IB 

30 

26 

22 

18 

Heart rate 

163 

KBH 

114 

74 

50 

22 

Blood pressure (mm. Hg) 

128 

!■ 

98 

93 

56 

31 

P-R interval (sec.) 

0.10 

0.13 


QRS complex (sec.) 

0.07 

0.08 

0.11 


Electrocardiograms during progressive reduction of bodj’- tempei’ature 
showed gradual development of a marked sinus bradycardia vith pro- 
longation of the P-R interval, QRS complex (with notchings), and QT 
segment. In addition other changes not ordinarilj’- associated with a slow 
rate ivere seen in the ST segment and in the T wave which became diphasic 
and then deeplj’’ and bizarrelj’’ inverted as the body temperature approached 
20°C. Electrocardiograms taken immediately after recovery to normal 
body temperature in three animals which had been cooled to 19°C. showed 
no significant changes from normal. 

As the body temperature was reduced the amount of ether required to 
maintain anesthesia was gradually decreased until at 22°-20°C. ether ad- 
ministration could be discontinued. Below 20°C. artificial respiration was 
frequently neces.saiy to maintain life. Recovery occured in some animals 
even when the bodj’’ temperature had been reduced to as low as I7°C. 
provided that the animal was warmed bj’' the application of external heat. 

Poletop method of artificial respiration. D. R. Hooker, W. B. Kouwbn- 
HOVEN (bj'' invitation) and O. R. Langworthy. Deparimenis of 
Physiological Hygiene, Ehctrical Engineering and Medicine, Johns 
Hopkins University, Baltimore, Md. (Motion picture demonstration.) 
The method as used in the field to applj"^ artificial respiration to men 
injured by contact with live power lines is demonstrated. It consists of 
manual application of abdominal compression to the subject in the vertical 
position and has the advantage of being applicable within a brief period 
after the accident. 

Tests were run on conscious subjects to compare the volume of air moved 
by this method and by the Schaefer method. The results obtained indi- 
o.ate that the new method is of equal if not greater value under the condi- 
tions established. No effort has been made to test the value of the method 
for .subjects on the ground. 

Average re.sults on fifteen individuals were: 





TIME TO 
MOVE 
TOITVOL. 
AIR 

EXPER. 
RATE 
PER MIN. 

EXPER, 

VOL. 

PERRE8P. 

TIME TO 
MOVE 
UNIT VOL. 
AIR 

Schaefer prone 

Poletop upright 

13.2 

14.9 

546 

558 

1' 22" 
1' 12" 

10.8 

10.3 

1028 

1363 

w 
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Possible role of the kidney in the maintenance of normal blood pressure.^ 
E,. M. House (by imitation) and G. E. Wakerlin. Department o; 
Physiology, College of Medicine, University of Illinois, Chicago. (Read 
by title.) 

The effect of bilateral splanchnicotomy on the blood pressures of twelve 
bilaterally nephrectomized and twelve diumn}^ nephrectomized dogs was 
studied. The decreases in blood pressure in the experimental and control 
groups following splanchnicotomy were variable but not significantly 
different. The effect of cordotomy at the level of the sixth thoracic seg- 
ment on the blood pressure of nine bilaterally nephrectomized and nine 
dummy neplnectomized dogs was studied. The reduction in blood pres- 
sure in both the nephrectomized and the dummy nephrectomized dogs 
following cordotomj’- was variable but not significantlj'' different. E\u- 
dence was obtained to support the rdew that the trauma associated ■with 
exposing the spinal cord is more responsible for the fall in blood pressure 
pre'viously reported in the physiological literature than is the sectioning 
of the spinal cord at the sixth thoracic segment. These results lend no 
support to, but b}'' no means rule out, the possibilit 3 ’^ that the normal kidney 
plays a r61e in the maintenance of arterial blood pressure in the dog. 

The effect of adrenalectomy with desoxy-corticosterone substitution 
therapy on the seminal vesicles and prostate in castrated mice and rats. 
Evelyn Howard. Department of Physiology, Jolms Hopkins School of 
Medicine, Baltimore, Md. 

It has been suggested that the anomalous post-castration maintenance 
of columnar epithelium in the seminal vesicles and prostates of jmimg mice 
and rats might be due to a temporary phase of andromimetic activity on 
the part of the adrenal cortex. If this hypothesis is correct, and if the 
life-maintaining adrenal hormone is not androgenic, it should be possible 
to maintain castrated adrenalectomized animals in good condition on 
substitution therapj^, without obtaining the anomalous columnar epithe- 
lium in the vesicles and prostate. 

Subcutaneous pellets of desox3’'-corticosterone acetate maintain normal 
growth in young adrenalectomized mice. In castrated adrenalectomized 
adults carrjung pellets it was found that the seminal vesicle epitheliiun 
Avas in a predominantly cuboidal condition, little if at all superior to the 
state of the untreated castrate. In three weeks old adrenalectomized 
castrates with pellets, however, the epithelium was maintained in the 
columnar condition characteristic of castrates at this age, although in 
untreated animals this columnar state can be abolished b}'^ ad^enalectom5^ 
It seems apparent that in mice this anomalous maintenance of seminal 
vesicle epithelium must be due either to intrinsic differences between the 
immature and the adult castrates in the reactivities of the end organs, 
01 - to a transitoiy source of androgens outside of the gonads and the 
adrenals. 

The ventral prostate degenerates after adinnaleetonij' in castrated three 
week old rats, and this degeneration is not prevented bj’’ desoxA’^-corti- 
costerone acetate, according to Burrill and Greene, avIio did not, however, 
give body growth data. I haA’-e confirmed their obsciwations on rats, and 
find that castrated adrenalectomized animals maintained on desoxy- 

‘ This work wiis aided by a grant from the Graduate School Re.soarch Fund of the 
University of Illinois. 
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corticosterone acetate pellets with ninety per cent of the body growth of 
castrated litter mates show a fifty per cent reduction in prostate size 
compared to the castrates, but no marked differences in size or histological 
state compared to untreated castrated adrenalectomized litter mates, with 
thu-ty-four per cent body growth. The histological state of the glands in 
castrates is superior to that in adrenalectomized castrates. It maj'^ be 
concluded that in young rats there is an appreciable temporary andromi- 
metic acti^dty of the adrenal cortex. 

Production of glycosuria in the normal rat by stilbestrol and by 17-hydroxy- 
11-dehydro-corticosterone. Dwight J. Ingle. The George S. Cox 
Medical Research InsiitMtc, University of Pennsylvania, Philadelphia. 
It has been previously shown that 17-hydroxy-l 1-dehydro-corticosterone 
and stilbestrol are among the substances capable of intensifying the 
diabetic state of the partially depancreatized rat. The experiments were 
extended to normal male rats, iveighing approximately 300 grams which 
were maintained on a high carbohydrate diet administered bj*^ stomach 
tube twice dail.y. The available carbohj^drate of the diet was 15 grams 
dailjL When stilbestrol was administered hyperglycemia and glycosuria 
Avere induced in over two-thirds of a large series of animals studied. Daily 
doses as small as 50 gamma were effective. Adaptation occurred so that 
the diabetic state disappeared after being continually <present for periods 
of .2 to 36 days. Three normal rats were treated with 17-hydrox5’--ll- 
dehj^dro-corticosterone. One animal treated Avith 5 mg. daity developed 
hyperglycemia and mild glycosuria, the second, also treated Avith 5 mg. 
dailj’’ developed hyperglj’-cemia and seA’-ere glycosuria, and the third treated 
AAuth 10 mgm. dail}'- succumbed duiing hyperglycemia and seA^ere glycosuria. 
In these experiments there aa'rs ahA-ays an increase in the excretion of non- 
protein nitrogen during the period of glycosuria but the total protein 
catabolism thus measured aa'rs too small to account for all of the glucose 
excreted. None of these animals excreted ketones although ketonm-ia 
is frequently obsevA'^ed during treatment of the partially depancreatized 
rat AAuth certain estrogens . and adrenal steroids. 

The work performance of adrenalectomized rats treated with 11-desoxy- 
corticosterone sodium phosphate and with ll-desoxy-17-hydroxy- 
corticosterone. Dwight J. Ingle. The George S. Cox Medical Re- 
search Institute, University of Pennsylvania, Philadelphia. (Read bj'' 
title.) 

Earlier studies have shoAvn that 11-desoxy-corticosterone and its acetate 
are very AA^eak in their effects on the Avork performance of adrenalectomized 
rats as compared to the effects of those compounds Avhich are identical in 
structure except for the presence of ox 3 ’-gen at carbon 11, or for the presence 
of oxygen at carbon 11 and at carbon 17. One of the explanations sug- 
gested to account for the Avide difference in activity is that ll-desox}'^- 
corticosterone is much less soluble than the more highly oxygenated 
compounds and maj’’ not be readily absorbed in acute experiments. Reich- 
stein has prepared the sodium salt of 11-desoxy-corticosterone phosphate 
AAdiich is soluble in Avater. The effect of this substance on Avork was not 
enhanced by its administration in this soluble form. This suggests that 
the apparent difference in the principal biologic effects of the adrenal 
steroids is not due to differences in solubility. A second question con- 
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cerned the influence of the oxygen atom at carbon 11, and at carbon 17, 
■svith respect to the effect on work. It was possible to answer this question 
Avhen Reichstein prepared ll-desoxy-lT-hydroxj^-corticosterone by partial 
S 3 mthesis. An examination of a sample of this compound kindly supplied 
by Professor Reichstein showed that the presence of the hj’-droxjd at carbon 
17 had no more effect on work than the weaklj’^ active ll-desoxj'^-corti- 
costerone. Thus it appears that the presence of an ox}'gen atom at carbon 
11 is essential for a favorable effect on work. 

The nature and reversibility of some effects of pH changes on eryth- 
rocytes. INI. H. Jacobs. Department of Physiology, University of 
Pennsylvania, Philadelphia. 

In earlier communications attention has been called to the highly char- 
acteristic manner in which pH changes affect the apparent permeability to 
glycerol of the eiythrocytes of different species of mammals. These re- 
sults were obtained hy the hemotysis method, which involves several 
possible compheating factors. Further studies have therefore been made 
of the rates at which, at different pH values, volmne changes of erjdhrocytes 
occur when a penetrating solute is suddenly added to a suspension of the 
ceils in a buffered isotonic salt solution, recording the changes by the 
optical method of Parpart. 

On the whole, the results obtained bj’^ this method are in good agree- 
ment with the earher ones; but they permit a separation of equilibrium 
volume factors from permeabihty factors that is impossible with the 
hemolysis method. At sufficiently high and low pH values the former are 
of considerable importance, but, in general, permeability and rate of 
hemotysis tend to run parallel. 

Of special interest is the high degree of reversibility of the effects of pH 
changes on permeability to glycerol. If to a suspension of erjdhrocytcs 
of the^ ‘‘human” type, undergoing a slow restoration of volume in a gtycerol- 
containing salt solution at pH 5.4, sufficient alkali be added to raise the pH 
to 7.4, the characteristically rapid rate of entrance of glycerol into the 
cells, and of swelling of the latter, unmediatelj’’ returns. This maj’’, in 
turn, be almost instantty checked by the addition of more acid, and again 
restored by the addition of alkali, the recovery curve thus becoming a 
series of steps corresponding to the alternate additions of acid and alkali. 
Furthermore, if, after complete restoration of volume has occurred at 
.one pH value, acid or alkali be added, a new curve, characteristic of the 
changed pH, can bo obtained on the addition of more gh’^cerol. Such 
changes ma\' be repeated man}’- time.s. 

That thc.se effects are related specificalty to the penneability of the cells 
to gtycerol is suggested by the fact that thej*^ have not as yet been obtained 
with other penetrating solutes, except to a much lesser extent with ethrdene 
glycol. 

Contraction potentials (Quadriceps femoris) in man during reading. 
Edmu.n'd Jacobson and Fr.\nces L. Kravt (b}' in\’itation). Labora- 
tory for clinical Physiology, Chicago, and Wells College. 
.Action-potentials were measured in unseleclcd individuals while seated, 
reading. Thej' were 39 males and G1 females ranging in age between 22 
and 46 years, mostly emploj^ces in various business occupations. Fine 
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platinum, irridium needles \Yere used as electrodes, inserted above the 
patella in the midline of the thigh two or more inches from each other. 
The left foot rested on a support while the right foot a^^s free. An a.c. 
amphfier and Integrating Microvoltmeter were employed. The rectified 
action-potentials were averaged and integrated ever}’^ two minutes during 
a thirty minute period of test. The results can be presented 1, as averages 
of the potential differences for the entire thirty minute period; 2, as curves 
of the integrated action-potentials plotted against time. 

The distribution curve (plotted on a 0.5 microvolt scale) of the averaged 
potentials for the entire group is of the normal variety, ranging from 0.5 
to 4.5 microvolts Avith the maximum number of individuals (35) in tlie 
range between 1.0-1. 5 microvolts. 

Under the conditions of test, the course of the composite curve for 100 
individuals oA’-er the thirty minute period runs at all points between the 
A^alues of 1.5 and 2.0 microvolts. The highest leA^els occur approximately 
from 0-2 and 26-30 mmutes, AA'hile the loAA^est leA'^el occurs from 16-18 
minutes. 

The curves are (approximately) descending in 26 instances, (approxi- 
matety) ascending in 41 instances and (approximately) horizontal in 33 
instances. As interpreted in the light of preAdous investigations on the 
knee-jerk, in this group of apparently healthy individuals, a distinct trend 
toward differential relaxation AA'hile reading is not exhibited. 

Electrical oscillations from insect eyes. Theodore L. Jahn and Frede- 
rick Crescitelli (introduced by J. H. Bodine). Departments of Zoology, 
University of Iowa, Iowa City, and of Physiology, University of Tl^as/i- 
ington,^ Seattle. 

Electrical oscillations (8-60 cycles per second; 10-100 microA'^olts) 
have been recorded from the compound eyes of five species of grasshoppers, 
four species of moths, and two species of butterflies. 

In gi’asshoppers certain types of oscillations are found to be associated 
AAdth continuous illiunination of the dark adapted, light adapted, and in- 
termediate adapted ej'^es, and these oscillations are different for the various 
conditions of adaptation. Since they occur during illumination they are 
referred to as ‘Tght” rhythms. Another type of light rhjdhm occurs onl}^ 
AAdth the ‘'on” effect of continuous illumination of the dark adapted eye, 
and a different rhythm is also present after cessation of prolonged con- 
tinuous illumination. These tAvo types are referred to as “on” and “after” 
rhythms. The influence of temperature and of the intensity of light on 
the frequenc 3 '’ and amphtude of the intermediate adaptation rhythm AA^as 
studied. Another type of after rhythm is found onty in response to bidef 
exposures of the dark adapted eye to high temperatures. 

In moths there are both fight and after rhytluns to long exposures, and 
there are tAvo after rhythms of quite different frequencies to short ex- 
posures. In the latter cases the amount of light rather than intensity or 
exposure determines the nature of the rhythm. A strong stimulus elicits 
a high frequencj’^ (25-30 per sec.) ; a Ainak stimulus elicits a low frequency 
(8-10 per sec.); and intermediate stunufi may elicit both frequencies. 

In the dark adapted butterflj’’ response there is a fight rhythm and an 
after rh}^!!!!!, neither of Avhich is recorded from the fight adapted eye. 
EemoA%al of the proto-, deuto-, and tritocerebral hemispheres did not 
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affect the character of the rhythms in the grasshopper. It is assumed that 
they originate in the optic ganglion. 

An attempt will be made to interpret these results in terms of synchinn- 
ization of ganglionic neurone responses, and in terms of the various types 
of fibers known to occur in the optic nerves of other animals. 

The origin of the electrical response obtained from the compound eyes of 
grasshoppers. Theodore L. Jahn and V. J. Wijlep (introduced by 
J. H, Bodine). Department of Zoology, State University of Iowa, Iowa 
City. (Read by title.) 

The electroretinogram of the vertebrate eye is usually considered to 
originate in the ganglionic neurones of the retina. Within recent years 
it has been demonstrated that the a-, b-, c-, and d-waves characteristic 
of the vertebrate electroretinogram also occur in the electrical response of 
the compound ej’^es of insects. It has been stated that the origin of this 
electrical change is probably in the optic ganglion, but experimental 
evidence has been lacking. 

Present experiments on the grasshopper Tiimerotropis maritima have 
demonstrated that the characteristic response of the dark adapted eye 
(consisting of b- and c-waves) is not changed appreciably by excision of the 
brain and optic ganglia. These phases of the electrical response,^ there- 
fore, must originate witliin the eye. In some experiments in which the 
back of the eye was damaged during removal of the ganglion the c-wave 
was no longer present. After Ught adaptation for several seconds the b- 
wave disappeared, and the response became a slow wave in the direction 
opposite from that of the normal c-wave. This change in the response is 
similar to that obtained in vertebrate eyes vith injury, low temperature, 
or deep anaesthesia. 

In addition to the a-, b-, c-, and d-waves the response of the grasshopper 
eye may contain several types of electrical oscillations. The effect of 
excision of the optic gangUon on two types of these oscillations (inter- 
mediate adaptation rhythm, and high temperature after rhjdhm) was 
studied. In no case was it possible to record these rhjdhms after excision 
of the ganglia. It is concluded that the rhirihins probably originate in 
the optic ganglion. 

Hydrodynamic factors determining pulse pressure.' Kenneth Jochim 
(introduced by L. N. Katz). Cardiovascular Department, Michael 
Reese Hospital, Chicago, III. 

This stud}”" was undertaken in order to evaluate the various factors de- 
termining the magnitude of the pulse pressure in an elastic system with 
pulsating fluid flow. Since the circulator^’’ system of an animal contains 
manj’’ variables that are not amenable to mathematical analysis, an arti- 
ficial system was constructed. The pulsating flow is supplied by a piston 
type pump, the rate and stroke output of which can be varied at wll and 
accuratel}’’ controlled; the velocity of output has the form of a sine curve. 
The elastic portion of the system consists of a length of distensible rubber 
tubing, an air cushion, or a combination of the two, so that any desired 
type of pressure — ^'olume curve (which characterizes an clastic s.ystcni) 
may be obtained. The rest of the S3''stcm is complete^ rigid. A rigid 

‘ Aided by the A. D. Xnst Fund for Cardiac Research. 
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arrangement is also provided by means of which the peripheral resistance 
ma 5 >- be varied within wide limits. 

Pressure within the elastic system was recorded with a Hamilton ma- 
nometer; a velocity pulse was recorded on both sides of the elastic portion 
with the electromagnetic flovuneter. The volume pulse of the elastic 
portion was determined by integration of the velocity curve on the distal 
side of the elastic sj^stem. 

The first problem studied was the effect on pulse pressure of increasing 
the peripheral resistance, other factors remaining constant. If the 
pressure-volume ciuwe of the elastic system used is concave toward the 
volume axis, the pulse pressure decreases as peripheral resistance increases. 
If the P-V curve is concave toward the P axis, the pulse pressure increases 
as the peripheral resistance is increased. If the P-V curve is a straight 
line, the pulse pressure is constant, regardless of the peripheral resistance. 
In other words, the magnitude of tlic pulse pressure (with a fixed pump 
rate and stroke output) depends on the mean slope of the P-V curve in 
the working range. Changing the peripheral resistance merely shifts the 
working range along the P-V curve to another region where the mean slope 
may be less, greater, or the same. 

Antihormone for vasopressin (antivasopressin). ^ C. A. Johnson (by 
invitation) and G. E. Wakerlin. Deparimenis of Physiological Chem- 
istry and Physiology, College of M edicine, University of Illinois, Chicago. 
(Read b}’’ title.) 

Six rabbits were given daily intramuscular injections of vasopressin 
(pitressin) solution (1 cc. = 10 units) in a dosage of approximately 
units per kgm. for a period of six weeks. At the end of this period the 
serums of all these rabbits completely neutralized the acute pressor re- 
sponse to vasopressin when assayed intravenously on the brain-pithed 
nephrectomized cat. The assaj”- mixture consisted of 1 cc. serum and 0.1 
unit vasopressin previous^'' mixed and allowed to remain at 4'’C. over- 
night. The assaj'^s were suitably controlled vith normal rabbit serum 
mixtures as well as saline diluted vasopressin. We pm’pose to study the 
effect of this pressor neutralizing factor or antihonnone on other physio- 
logic and pharmacologic actions of vasopressin. 


Production of antirenin by heterologous renins.^ C. A. Johnson (by 
invitation), G. E. Wakerlin and M. L. Goldberg (by invitation). 
Departments of Physiological Chemistry and Physiology, College of 
Medicine, University of Illinois, Chicago. 

In earlier experiments we reported (Proc. Soc. Exper. Biol, and Med. 
44 : 277, 1940) the production of antiserums for dog renin in the rabbit 
and for hog renin in one dog. These observations have now been ex- 
tended to 5 dogs given daily intramuscular injections of hog. renin for .4 
months each. Four of the animals were hypertensive, one normotensive. 
By the end of the first month, the serums of all of the dogs contained a 
substance (antirenin) which neutralized the acute pressor response to 
hog renin when assayed on the nephrectomized etherized dog or on the 

i This work was aided b5'- a grant from the Graduate School Research Fund of the 
University of Illinois, 
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nepbrectomized brain-pithed cat. The assay mixtures consisting of 2 
parts of antiserum and 1 part renin (equivalent to J gram of fresh kidney 
per kilogram of assay animal) were administered intravenously and properly 
controlled with normal serum mixtures. The serums of these dogs -Simi- 
larly negated the acute pressor response to dog renin. 

Normotensive rabbits injected intrasmucularly or intravenously with 
hog renin likevdse developed a pressor neutralizing substance for the in- 
jected renin. The kidneys of these rabbits showed a normal renin 
content. 

Three groups of guinea pigs were injected intraperitoneally with dog, 
hog, and rabbit renms respectively for periods of 2 to 5 months. Pre- 
liminary findings in these animals have also demonstrated the presence of 
antirenin in the serums. 

Two hypertensive dogs injected intramuscularlj’- for 4 months with heat- 
inactivated hog renin failed to develop antirenin to either hog or dog renin. 
Likewise, noimotensive rabbits injected with heat-inactivated hog and 
dog renins failed to develop antirenin. 

One hypertensive dog treated Avith active dog (homologous) renin for 
4 months showed no evidence of antirenin for either dog or hog renin. 
This finding stronglj’’ suggests that the production of antirenin depends on 
the heterologous character of the injected renin. 

Relation between initial fiber length and force of contraction in the left. 

ventricle. J. Raymond Johnson and J, R. DiPalma (by imdtation). 

Department of Physiology and Pharmacology, Long Island College of 

Medicine, Brooklyn, N. Y. 

The force of contraction of cardiac muscle should be considered as a 
direct function of the intramuscular tension developed in the heart and it 
does not necessarily parallel measurements of cardiac output or of intra- 
ventricular pressure. Proceeding on this basis and using the method which 
Ave described previously (Am. J. Physiol. 125 : 234, 1939) of recording the 
intramyocardial pressure pulse from an imbedded artery segment, Ave have 
undertaken expeiiments to determine the effects of increased and de- 
creased diastolic filling on contraction in the left A^entricle. 

When the venous return was increased bj'’ infusion of 30 to 40 cc. of 
saline into the femoral A^ein, the intramyocardial pressure pulse shoAved 
a drop of 4 to 32 mm. Hg in spite of the fact that there AA^as a simultaneous 
marked increase in the sj^stolic aortic pressure accompanied by an appre- 
ciable increase in aortic pulse pressure. Decreasing the A'^enous return 
by compression of the inferior vena cava produced effects in the opposite 
direction. Prolonged compression resulted in a subsequent fall in the 
intramyocardial pulse accompanied by extremely Ioav aortic pressures, but 
if the compression aaus released before the intramyocardial pressure fell 
below normal leA'els the effects seen Avere again those of an increased 
A'enous return. 

These results still obtain after section of both vagus nervus. They are 
not produced reflexly by changes in the aortic pressure as shoAAU by px- 
periments in AA'hich this pressure Avas altered by increasing and decreasing 
arterial resistance. The3’’ are therefore belicA'ed to be due directl}’' to 
changes in the initial length of the cardiac muscle fibers. 

The folloAATng conclusions are reached: 1, aortic pressure changes cannot 
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be regarded as a criterion of even tbe qualitative changes in the force of 
contraction in the left ventricle; 2, increasing the initial length of muscle 
fibers in the left ventricle through augmented diastolic filling results in a 
diminution of its force of 'contraction; decreasing the initial fiber length bj- 
reducing the diastolic inflow results in contractions of greater force. 

The enterohepatic circulation of bile acids. Charles G. Johnston and 
J. Logan Irvin (by invitation). Department of Surgery, Wayne Uni- 
versity College of Medicine, Detroit, Mieh. 

The enterohepatic circulation of bile acids has been studied bj* the use 
of hogs prepared b}* cholecj’^stectomy and insertion of catheter tubes into 
the proximal and distal ends of the severed common duct. 

Cholic acid is present normally in ox but not in hog bile. Therefore, 
administration of dried ox bile to hogs permits study of enterohepatic 
circulation b}’’ determinations of the cholic acid excreted in the hepatic 
drainage bile. 

When small amounts of dried ox bile are administered to the hogs by 
duodenal tube, there is a high degree of efficiencj'' in the excretion of cholic 
acid in the hepatic bile collected from the biliary fistulae. However, when 
larger amounts are given, the efficiency of the excretion diminishes. For 
example, when 1.15 millimols of cholic acid (contained in dried ox bile) 
are given by duodenal tube, about 92 per cent is excreted in the hepatic 
bile in 11 hours. In contrast,^ only 62 per cent is excreted when 6.76 
millimols of cholic acid are administered, and the total period of excretion 
is prolonged to 22 hours. 

The duration of enterohepatic circulation of bile acids after a single oral 
or duodenal administration of dried ox bile is studied by connecting the 
catheters from the proximal and distal ends of the severed common duct. 
At the end of the circulation period, the two tubes are disconnected, and 
the quantity of cholic acid remaining in the enterohepatic system is de- 
termined by analysis of the hepatic bile drained from the common duct 
during a collection period. Piffien small amounts of cholic acid are ad- 
ministered intraduodenall}^, about 87 per cent is recovered after one daj’’ 
of circulation, 74 per cent after two days, 52 per cent after four days, and 
32 per cent after six daj'^s. I^Tien larger amounts of cholic acid are given, 
the loss during enterohepatic circulation is greater. 

These observations suggest the magnitude of bile acid synthesis required 
by normal animals for replacement of the amounts lost during entero- 
hepatic circulation. 

On the formation of gall stones in the human gall bladder. K. K. Jones 
and Marie Lorenz (bj"^ invitation). Department of Physiology and 
Phannaeology, Northwestern University Medical School, Chicago, III. 
It has been shovn by Jones and Lorenz (Am. J. Physiol. 126: P548, 
1939; 129: P391, 1940) that the disintegration of gall stones in the gall 
bladder is effected bj’’ the solubility of the cholesterol in the bile fats. In 
this research it has been formd that the cholesterol in normal bile is held 
in solution as a fatty acid — bile salt complex from which it cannot crystal- 
lize or even separate as long as fatty acids, insoluble in water, are present 
in any quantity. Before ciystallization can occur, degradation of these 
fatty acids to short chain water soluble fatty acids must take place. Ex- 
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amination of gall bladder bile reveals oulj* one possible source of oxygen 
in this highty anaerobic fluid. This is the biliverdin which is found in 
relatively large amounts in some human fistula and autopsy biles. Bili- 
verdin in alkaline solutions is reduced to bilirubin by unsaturated fatty 
acids, these acids in turn being oxidized. This mechanism may explain 
the formation of cholesterol stones in an apparently normal gall bladder 
in the presence of stasis. 

The antagonistic action of lipocaic and the pituitary in fat transport. 
Ormand C. JuLI^^J^* (hy invitation), Dwight E. Clark (by invitation), 
Cornelius W. '^'’’ermeulen (by invitation), J. Garrott Allen (bj^ 
invitation) and Lester R. Dragstedt. Department of Surgery, The 
TJnivei'sity of Chicago, Chicago, III. 

The previous report by the authors that lipocaic inhibits the fatty in- 
filtration of the liver produced bj’^ the administration of the ketogenie 
hoimone of the h 5 ’poph 3 '^sis to fasting guinea pigs, has been confirmed. 
The theoretical possibilitj* that the fatty infiltration of the liver which 
occurs in insulin-treated depancreatized dogs maj’- be due to unopposed 
action of the ketogenie hoimone of the h 3 ’^poph 5 ^sis was investigated. 
The hypoph 3 ^sis was removed from ten normal dogs and after varjdng 
intenmls of time the pancreas was excised. These animals survived the 
pancreatectom.y from 5 days to 4 months. All the dogs, except one, 
developed marked fatty infiltration of the liver. The rapidity of onset 
and the severity of the fatty infiltration in these animals was just as great 
as in the animals whose hj^popltysis was intact. 

A new cephalic cardio-inhibitory substance. Herman Kabat (introduced 
bj' M. B. Visscher). Department of Physiology, University of Minne- 
sota, Minneapolis. 

Arrest of the cephalic circulation in dogs in which the heart had been 
completely denervated resulted in cardiac acceleration. This acceleration 
averaged 22 beats per minute, the latent period of the effect was 2-4 
minutes and the rate fell to or below the original level mthin 30 seconds to 
1 minute folloi\dng restoration of lilood flow. Similar observations were 
made utilizing the heai*t-lung-head preparation. 

This effect cannot be accounted for on the basis of S 3 'mpathetic stunu- 
lation resulting from incomplete denervation since the time relations of 
the acceleration differ markedty from those of s 3 Tnpatliin and also because 
asphyxia resulted only in cardiac inhibition. Changes in blood pressure 
had no effect on the cardiac response to cephalic anemia. Occlusion of the 
thoracic aorta caused no change in cardiac rhythm. 

To explain the phenomenon, one is led to postulate that there may be 
produced continuously in the head (presumably in the brain) a substance 
which passes through the blood stream and inhibits the heart, ^^^lcn 
cephalic blood flow is arrested, disappearance of the substance after several 
minutes results in cardiac acceleration. "VMien blood flow is restored, a 
fresh supply of the substance quickly' slows the heart. 

Changes in carbon dioxide or other acids cannot account for the effect. 
Acetylcholine or choline cannot be responsible, since the effect pensisted 
after atropine. 

Saline perfused through the internal carotid arteries of the freshly- 
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killed dog was collected, concentrated and extracted. A systematic 
search of such perfusates for adenylic acid, which is knowm to slow the 
heart in the atropinized dog, Avas unsuccessful. The characteristic re- 
versible complete heart block, produced in the guinea pig by adenjdic 
acid, was never observed. 

An active cardio-inhibitorj’- substance, which is soluble in acetone, alco- 
hol and water and is heat stable, has been isolated from such perfusates. 
Electrocardiograms show a sinus sloudng in the dog heart after atropine, 
and a sinus slowing in the guinea pig heart following intravenous injection 
of the substance. The effect is rapidlj’- revei-sible. Other fractions of the 
perfusate had no effect on the heart of the atropinized dog. > 

The esterase activity of different parts of the mammalian central nervous 
system. Irving Kaplan, David J. Cohn and Frederick Reich 
(introduced by Heinnch Necheles). Deparlmeni of Biochemistry, 
Michael Reese Hospital, Chicago, III. 

The triacctin, tributyrin, and ethyl butyrate hydrol 3 ’’zing acti\dties of 
different parts of the central nervous system of man, rhesus monkey, dog, 
rabbit and rat were found to differ with the location of the tissue. 
Minced fresh tissue was used as the enzjTiiic material. The activity was 
determined by measuring the number of milliliters of 0.05 N. sodium 
h 3 fdroxide required to neutralize the acid fonned per gram of tissue bj' the 
breakdown of substrate during a 4 hour incubation period in the presence 
of 0.05 molar phosphate buffer. In all cases the activity Avas greatest in 
grej' matter, least in AA'hite matter, and intermediate in mixed tissues. 
The average Anlues found for human brain AAnth triacetin, tributiuhi, and 
ethyl butyrate as substrate Averc respectteely: frontal cortex, 24.5, 13.3, 
and 5.9; parietal cortex, 25.9, 16.2, and 6.3; occipital cortex, 25.2, 14.4, 
and 5.6; cerebellar cortex, 28.6, 17.1, and 5.6; caudate nucleus, 31.4, 
15.3, and 7.1; mixed cerebral tissue, 23.0, 14.4, and 4.9; mixed cerebellar 
tissue, 29.0, 14.4, and 4.9; thalamus, 24.0, 12.2, and 5.7; midbrain, 22.0, 
9.0, and 4.9; pons, 21.2, 8.1, and 4.1; medulla oblongata, 19.5, 8.3, and 
4.3; cerAucal spinal cord, 15.9 (triacetin); AA’hite matter, 14.6, 7.1, and 3.7. 
Values for the rhesus raonkcjq dog, and rabbit and rat Avere similar to 
those obtained AA’ith human brain, indicating that the ester hydrolyzing 
properties of the mammalian brain are practical^ independent of species 
differences. This suggests that the ester splitting actiAdty is associated 
A\ith basic anatomic or phj’^siologic properties of the nerAmus sj'stem AAdiich 
are common to the different species. 

Effect of gelatin upon muscular work in man. Peter V. Karpoahch ana 
K. Pestrecoa’’ (introduced bj'^ EdAA^ard C. Sclmeider). Department 
of Physiology, Springfield College, Springfield, Mass. 

1. Five series of tests Av^ere perf owned on 76 persons, tAVO series AArith 
controlled diet: 1. TAvelve jail inmates, bic3’'cle ergometers Avork; 2. 
Thirty campers, sAAumming (1 and 2 series-controlled diets); 3. Twelve 
heaA' 3 '-Aveight lifters; 4. Six AA’^all-Aveight pullers; 5. Sixteen college 
students, bicycle ergometeis Avork, In all groups sham feeding Avas used, 
so that the men neAmr kncAV AA^hen thej'- receteed gelatin or a substitute. 
The amount of gelatin gteen daily reached in some cases 64 grams. 

2. The jail inmates, ranging from 18 to 50 j'-ears of age, Avorked 5 days 
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a week at the rate of from 0.159 to 0.261 H.P. until this rate could no longer 
be maintained. The duration of the experiment was about 5 months. 
The percent of improvement reached from 75 to 4420 per cent. Working 
time reached in two cases over 6 hours Muth an output of 2,659,800 ft-lbs. 
in a day. No effect of gelatin upon duration or efficiency of work could 
be noticed. 

3. College students worked five days a week at a rate of from 0.33 up 
to 0.506 H.P. for 10 weeks. Improvement varied from 49 to 334 per cent. 
No effect of gelatin feeding was observed. The best man never received 
any gelatin. He continued to exercise for 9 more weeks. His improve- 
ment reached 463 per cent, and the riding time was 7 minutes, 30 seconds. 

4. No effect of gelatin upon the performance of sirimmers, weight 
lifters or wall-weight pullers was observed. 

5. In general, with equal work output, stronger men improved more than 
weaker ones. 

6. A psychological effect was observed on the jail inmates. On the day 
when gelatin and substitute were given for the first time, the performance 
markedly improved mthin an hour after the ingestion. 

7. College term examinations caused a drop in performance of the 
students. 

E limin ation of the pars nervosa without eliciting diabetes insipidus.^ 

A. D. I^ELLER. Department of Physiology and Pharmacology, Uni- 
versity of Alabama, University. 

The selective elimination of the entire pars nervosa plus the immediatclj’’ 
adjacent hypothalamic tissue (tuber) has been accomplished in the cat 
wnthout precipitating either a residual or a latent diabetes insipidus. The 
presence or absence of a latent diabetes insipidus was tested by feeding 
desiccated thyn'oid. 

In the dog total hypophysectomy except for a minute fragment of the 
pais tuberaUs, including the entire pars nervosa, has been accomplished 
vdthout precipitating either a re.sidual or a latent diabetes insipidus. 
Total hypophysectomy plus a slight infi’ingement upon the adjacent 
tuberal tissue has been accomplished vdthout precipitating a residual 
diabetes insipidus although a latent diabetes, was present. Further, tjqiical 
“latent periods” have appeared in the early course of the resulting per- 
manent residual diabetes insipidus in dogs follovnng total hypophysectomy'’ 
plus mild infringement upon the ventral extent of the hypothalamus, 
whereas follo’wing total hypophysectomy^ plus considerable encroachment 
upon the hypothalamus there is a total absence of the “latent period.’ 
ThyToxin and anterior pituitary'^ extract Avas used in the dog in testing for 
latent diabetic tendencies and in addition metabolic studies run simul- 
taneously verified the metabolic stimulating activity' of these substance.s. 

It is evident from the foregoing data that intact pars nerv'osa tissue is 
not invariably essential for the maintenance of a normal water exchange 
imder ordinaiy conditions as well as under conditions of increased metabolic 
actiAuty'. LikcAAdse, assuming that diabetes insipidus is an antidiuretic 
deficiency' phenomenon, and ban-ing the possibility of there being as yet 
unrecognized factors complicating such experiments as these, the exist- 

‘ .A.ided by a grant from the Rockefeller Foundation. 
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enceof an extrah3qDophysial antidiuretic elaborating focus is demonstrated. 
Further, strong support is tendered the contention of Sato, Trendelenburg 
and others that the Itypothalamus is the site of such an extrah3’'poph3^sial 
elaborating focus. It is to be pointed out, however, that experiments such 
as these give no indication as to the nature of the elaborating process. 

Marked variability in tolerance to insulin following apparently homologous 
hypothalamic lesions in the cat.^ A. D. Keller. Department of 
Physiology and Pharmacology, University of Alabama, University. 
(Read b3'’ title.) 

Tolerance to insulin has been studied in a limited number of cats in 
which the h3'poph3fsis was severed from direct h3'pothalamic innervation 
b3’’ one of the following operative procedures: 1, isolation of the ventral 
portion of the hypothalamus (tuber) from the remainmg h5''pothalamic 
tissue b3'^ a semicircular sweep Avith a narroAv blunt probe, and 2, after 
first isolating the tuberal tissue as in 1, this tissue Avas then removed Avith 
forceps leaAung the adjacent tissue of the h3TDoph3’'sial stalk undisturbed. 
Tolerance to insulin Avas determined onl3’’ after the animals attained the 
chronic state (tAvo months) and the tolerance level Avas A'erified b^- seA’^eral 
tests. At least tAvo Aveeks Avas alloAA'ed to elapse betAveen successive tests. 
The animals AA^ere maintained from six to tAvelve months after operation 
during AA'hich time the tolerance leA^el remained constant. 

During the acute stage folloAAung these procedures such animals arc 
occasionally prone to spontaneous h3^pogl3'cemic attacks and accordingly 
these animals Avere protected during this period by feeding tAAUce dail3’- and 
adding sugar to their drinldng. AA^ater. A decreased tolerance to insulin of 
ten to tAA^ent3’- times Avas encountered in the inajorit3' of the animals, a 
decrease of fort3' times occurring in one cat. Yet in other animals, folloAA’- 
ing essentiall3’’ homologous anatomical lesions as judged at operation and 
at necrops3'', the tolerance remained normal or approached the normal. 

Compared Avith similar studies on dogs it is evident that the tendenc 3 ’’ 
to the h 3 TDOgl 3 ^cemic state in the chronic animal is more subject to selective 
precipitation folloAAung hypothalamic lesions in the cat than in the dog 
as indicated b 3 '^ a decreased tolerance to insulin (Proc. Soc. Exper. Biol, 
and Med. 42: 837, 1939). 

It is not beyond the realm of probabilit 3 ' that Ave ma 3 ^ be dealing here 
Avith a primar3r deficit in the insulin antagonizing factor in pituitrin. 
Indeed on the basis of other data bearing on the subject, this probability 
is definitely under suspicion. 

The striking absence of some of the effects of hypophysectomy following 
in instances drastic hypophysectomy procedures in the dog.^ A. D. 
Keller. Department of Physiology and Pharmacology, University 
of Alabama, University. (Read b 3 ’^ title). 

Ordinaiy h 3 ’'pophysectom 3 ^ has consistentl 3 ’' 3 delded adrenal atroph 3 ', 
a decreased tolerance to insulin and amelioration of pancreatic diabetes. 
This has been our experience also in instances AAdiere total hypophysectom 3 ’- 
has been attempted. In the latter cases in some respects these effects 
have been more profound than folloAving ordinaiy h3"poph3'-sectom3L 

1 Aided by a grant from the Rockefeller Foundation. 



P348 


AMERICAN PHYSIOLOGICAIr SOCIETY 


Yet in other animals where great care was taken at operation to insure 
attaining total hypophysectomy, the tolerance to insulin approached the 
normal, pancreatectomic hyperglycemia was inoi’e intense, and death 
occurred sooner than in noimal pancreatectomized dogs, and the adrenals 
were essentiallj’- unatropliied or definiteb’’ less so than that encountered 
following ordinary h3^pophysectomy. 

The hypophj’^sectomy in these particular experiments has been com- 
plicated liy 1, a minute remnant of mixed hypophj’-sial tissue found in the 
base of the fossa (less than 1 per cent of the whole), and 2, some infringe- 
ment upon the h3’pothalamus. 

If these apparently abortive results are to be explained on the basis of 
the tissue remnant, this tissue must of necessity be extreme^'’ potent in 
its selective protective aethdty. Further, remnants left in the fossa 
retain such functional activit3’- only infrequentb'^ because sizable portions 
of the gland, when left in the fossa purposeh*^ or otherwise have not pre- 
vented the effects alluded to from occurring in the presence of ordinar3’^ 
hypoph3'■sectom3^ In two animals exhibiting abortive results no ac- 
cessoiy h3’’poplysial tissue was found in the serial sections of the bony 
sella and underlying tissue. 

The onl3'’ alternative explanation on the basis of our now rather sizable 
collection of data is that the effects under discussion are reversed when, in 
addition to h3qDophysectomy, the environs of the hypothalarjius are en- 
croached upon. 

Regardless of the ultimate explanation, the investigation in its present 
form emphasizes the rigid necessity of establishing the “hypophysectomized 
state” in the dog b3’' comprehensive quantitative functional and, necropsy 
criteiia. Careful operative inspection, even under excellent direct ^^si- 
bility, gross and microscopic examination of the surgical specimen and serial 
section of the brain base and contents of the sella turcica at necropsy, are 
not b3'^ themselves adequate criteria. 

Directional course of the axons of the substantia nigra cells as indicated 

by retrograde degeneration of these cells.^ A. D. Keller and L. E. 

Harris (b3'^ invitation). Department of Physiology and Pharmacology, 

University of Alabama, University. (Read b3’‘ title.) 

The cells of the substantia nigra disappear in the course of time homo- 
laterally folloudng hemisection and bilaterally followmg 1, transection of 
the brainstem through the cephalic midbrain or caudal diencephalon, and 
2, a section which more or less selectively demarcates the caudal aspects 
of the h3^othalamus. Hemisection of the brainstem through the middle 
of the midbrain results in degeneration of the cells caudad to the section 
while tho.se cephalad to it remain intact. Hemisection or transection of 
the brainstem at or below the caudal aspects of the midbrain causes no 
retrograde degeneration of these cells. 

Pro\dding we are not dealing udth transneural degeneration it is com 
eluded that the substantia nigra cells discharge their axons cephalad and 
that the3' course at least as far as the hypothalamus. The ultimate site 
of the termination of these axons is being investigated. 

* .Aided by a grant from the Rockefeller Foundation. 
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The toxic effects of intravenously injected calcium solutions. A. B. 
Kendrick (by invitation), Paul Bedinger (by invitation) and Robert 
W. Keeton. Department of Medicine, Universitij of Illinois College 
of Medicine, Chicago. 

It is well knoA\Ti that calcium solutions injected intravenously may at 
times prove toxic. The necessit}- for their clinical use demands that this 
toxic action be well understood. 

In e.xperiment A, dogs were injected at a uniform rate with 8.4 per cent 
calcium gluconate imtil death occurred. The changes occurring in the 
electrocardiographic and blood pressmn tracings and the relationship of 
death to serum calcium levels vill be discussed. In animals su^^d\dng a 
longer period of injection the percentage of serum proteins was marked^’' 
decreased. There were no differences noted between normal and para- 
thyroidectomized animals. 

In experiment B a single injection of a toxic dose of either calcium glu- 
conate or calcium chloride was administered. The plasma volume, serum 
proteins, hematocrit, hemoglobin and serum calcium were determined 
liefore and after the injection. In seven animals djdng shortly after the 
experiment was completed, there was a decrease in plasma volume and 
total circulating proteins. There was an increase in the volimie of circu- 
lating cells, the hematocrit, and the hemoglobin -values. The concentra- 
tion of the blood at times was so great as to cause difficulty in taking 
samples from the veins. At death thromboses were noted in lungs and 
spleen. On sectioning of the liver there was no free bleeding. In five 
animals living somewhat longer times these changes in blood volume did 
not occur. Calcium may cause death b}' direct action on the heart or by 
blood volume changes. In the latter case death is doubtless due to the 
concentration of the blood -with its increased ^^scosit 3 ^ 

Changes in electroencephalograms appearing coincident with growth in 
infant monkeys.^ Margaret A. Kennard and Leslie F. Nems. 
Laboratory of Physiology, Yale University School of Medicine, New 
' Haven, Conn. 

Electroencephalographic records taken from 28 monke 3 ’-s {Macaca 
mulatto) at intervals from the first da 3 ’' of life showed consistent changes 
with growth. During the first 5 da 3 ’-s of life there was little electrical 
activit 3 ^ It developed gradual^ thereafter and simultaneous^’' in all 
leads. Waves of low amplitude and of a frequcnc 3 ’' of 2 to 3 per second 
began to appear during the 2nd and 3rd weelcs. Dining the 2nd month 
both amplitude and frequence* increased, the latter to 4 to 5 per second. 
Greater variabilit 3 '^ of pattern became eiddent with bursts of fine waves 
alternating -with slow. At 6 to 8 months amphtude had increased further, 
but frequency of slow Avaves remained 4 to 5 per second. 

Two animals one 3 ’'ear of age had frequencies of 7 to 8 per second and the 
patterns recorded were characteristic of those found in older animals. 
In the more mature animals AA'eiglung 2.5 to 6.0 kgm. no further develop- 
mental changes appeared. Their records shoAA'ed greater A’-aiiations of 
pattern than those of 3 ’^ounger animals. SIoav wai’^e frequencies Avere 7 
to 8 per second. 


» Aided by a grant from Child Neurology Research of the Friedsam Foundation. 
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There is some correlation between the development and elaboration of 
cortical potentials and the development of coordinate motor activity. 
Appearance of cortical potentials during the 2nd and 3rd week of life is 
coincident vath beginning of complex “vbliintarj’-” movement. A six- 
months infant can perform all motor acts of an adult animal, but co- 
ordination, speed and skill develop noticeably during the second 6 months. 

Expeiimental cortical ablations from yoimg monkeys have shovm, 
dining the first 6 months, at least, a certain non-specificity of function in 
cortical motor areas in contrast to older animals, which permits greater 
reorganization of function in the remaining areas of the j’^oung. Evidence 
therefore from cortical potentials, from behaidor and from ablation ex- 
periments indicates that in the infant Macaco mulatia there are develop- 
mental changes in the cerebral cortex which take place at least throughout 
the first year of life. 

High vitamin supplementation (Bi, nicotinic acid and C) and the response 
to intensive exercise in IJ, S. Army infantrymen.^ Angel Keys and 
Austin F Henschbl (b}^ invitation). Laboratory of Physiological 
Hygiene, University of Minnesota, Minneapolis. 

Eight representative infanti' 3 mien were studied for 11 weeks each under 
closely controlled conditions on standard Fort Snelling Army rations. 
Analysis of these rations showed them to be good but not remarkable, 
in tenns of hitherto accepted standards, and average, being in neither 
best nor poorest classes, compared with other U. S. Army Posts. Twice 
weekly each man marched, with pack and rifle (29 lbs.) at 3.85 m.p.h. 
on a motor-driven treadmill at 12.5 per cent grade for 15 minutes. Total 
work was 16,050 to 17,970 kgm. in 15 minutes The temperature was 
78°F., humidity 45-50 per cent; other conditions were constant. Three 
Aveeks’ training were followed by 4 iveeks in which 4 men received placebos 
and the other 4 receh'^ed daity supplements of 100 mgm. nicotinic acid 
amide, 5 mgm. thiamin chloride and 100 mgm. ascorbic acid. This was 
followed by 4 Aveeks in AAkich the men preAdously getting placebos received 
supplements and vice A'ersa. Observations included heart rate, diastolic 
and sj’^stolic sizes and stroke output, blood hemoglobin, lactate and sugar, 
blood pressure and subjective reports. Only .slight training effects 
occurred. 

No eAudence Avas obtained for a faAmrable effect of this vitamin supple- 
mentation AAken individual records AA'ere studied or Avhen groups Avere 
compared. At 5 minutes after exercise stroke output averaged, on 
supplement, 98.9 per cent and systolic heart size 98.8 per cent of rfie 
pre-exercise IcA’-el; on placebos the aA'erages Avere 98.4 per cent and 97.4 
per cent, respecthmly. The aA'erage heart rate in the second 30 seconds 
folloAAung exercise aa'us 147.6 on supplement and 148,1 on placebos. Aa'ci- 
age maximum lactate AA’as 33.23 mgm. per cent on supplement and 33.17 
mgm. per cent on placebos, Avith aA'^erage remoAml rates in recoA'-ciy 0,0680 
and 0.0745 respectiA'^ely. Two minutes after exercise the average blood 
sugar AA'as 86.0 mgm. per cent on supplement and 80.8 mgm. per cenl 
on placebos; eight minutes later these Amlues AA’ere 84,8 and 85.1 mgm. 
per cent, respectiA'cly. One man, Avhile on placebos, reported marked 

' Work sponsored by the Surgeon General, U. S. Army, and the National Research 
Council. 
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subjective improvement but this was unsubstantiated by the objective 
measurements. Other subjective reports of slight improvement occurred 
equallj’- in placebo and supplement periods. 

Laboratory apparatus. jMichael Kniazuk (introduced by Hans 

Molitor). Merck Insiiiute for Therapeutic Research, Rahway, N. J. 
■ (Demonstration.) 

I. A continuous heart rate recorded’. The above apparatus Avas designed 
to record the heart rate of an animal during an acute experiment. The 
equipment is simple to use, it does not interfere Avith the other measure- 
ments, and the record may be reproduced on anj’- kymograph. The 
principle is based on amplifying the heart potential A\dth a portable A.C. 
operated amplifier and feeding the amphfied impulses to a mechanical 
counter-recorder. The latter is separated from the amplifier and can be 
mounted near the k 3 ’-mograph. 

The counter consists of two electromagnetic step motors, that alternate 
automatically, each counting for a period of ten seconds. The total 
number of impulses receh^ed during this inteiwal is recorded as a propor- 
tional linear displacement. 

The ten second counting perfod Avas chosen as it is of sufficient length 
to aA’-erage the heart rate, and short enough to indicate phj^siological 
changes of short duration. 

II. Diuresis recorder. The instrument is a compact, self-contained 
A’-olume recorder for liquids, adaptable to total volumes ranging from 25 
to 500 cc. 

The apparatus operates as folloAvs: A movable platinum contact driven 
by a reversible motor dips into the fluid-collecting chamber. If the 
liquid in the chamber rises to the platinum points, the circuit of a sensitive 
electronic rela}^ is closed. The latter starts the reversible motor AA^hich 
raises the platinum points until the circuit is again broken. An ink- 
Avriting point coupled to the same motor, records the displacement on the 
kjonograph. 

A unitary analysis of afferent vagal fibers stimulated by changes in lung 

volume. G. C. Knowlton and M. G. Larrabee. Department of 

Physiology and Biophysics, Cornell University Medical College, New 

York City. 

These experiments Avere designed to furnish data for a classification of 
the afferent vagal neiwe fibers AA-hich are stimulated by changes in the 
volume of air in the lungs. Cats anesthetized AAuth Dial Avere used. To 
facilitate controlled changes in the volume of air in the lungs the chest 
AA’^all AA^as remoA'^ed and the animal maintained on artificial respiration. 
One A'^agus neiwe was cut in the neck and arranged for recording the action 
potentials of single afferent fibers. Inflations and deflations of the lungs 
AA'ere started AAuth the lungs in the expiratoiy position. 

One group of fibers AA'as stimulated only on inflation, shoAv^ed rapid 
adaptation, and had a high thi’eshold. 

A second group of fibers AA^as stimulated only on inflation, shoAved sIoav 
adaptation and had a Ioav threshold. 

A third group of fibers AA'as stimulated b}”- both inflation and deflation, 
shoAA'ed rapid adaptation and had a Ioav threshold 
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A fourth group of fibers was stimulated by both inflation and deflation, 
showed slow adaptation and low threshold. 

No fibers were found which were excited onlj' by deflation. 

A comparison of the distinguishing characteristics of these dififerent 
fiber groups noth the characteristics of respiratoiy reflexes known to be 
mediated through the vagus suggests that they subserve different reflex 
functions. For example, it is Icnonm that moderate inflation of the lungs 
gives a well sustained inhibition of respiration. The low threshold, slowly 
adapting fibers of group two give a similarh' maintained response to the 
same stimulus. We therefore suggest that their actmt}’^ is inhibitory to 
inspiration. Larger inflations of the lungs result in a short-lasting inspira- 
tory effort which parallels the actmty initiated in the rapidl}'' adapting 
fibers of groups one and three. These we therefore assume to be excitors 
of the insphatoiy center. The fibers of group three would then also be 
responsible for the excitation of inspiration knovm to be brought about 
by forced deflation of the lungs. We can suggest no respiratory role for 
the fibers of group four. 

Experiments on the conduction of sotmd through the air of the middle ear 
cavity. H. G. Kobrak (introduced b}’^ A. J. Carlson), Division of 
Otolaryngology, The University of Chicago, Chicago, III. 

The conduction of sound through the air of the middle ear cavitj’’ 
(non-ossicular air conduction) was studied in experiments on rabbits. 
A fistula was made into the middle ear ca\dty and sound energy conducted 
through the fistula. The function of the cochlea was measured by the 
acoustic reflex of the middle ear muscles. There was no difference whether 
the fistula was open or closed as long as tones of threshold intensity were 
apphed.. In over threshold experiments the animal showed stronger 
cochlear function when the fistula Avas open. It is assumed that the 
relattee importance of the pathwaj’^s of sound A’aries Avith the intensity 
leA’’el. At threshold leA’-el the opening of the additional (fistula) non- 
ossicular ah pathwaj’’ is unimportant. At higher intensity levels the 
direct air conduction is an appreciable patliAA’a}’’ of sound energy. CurATS 
obtained on animals AAUth experimental deafness are demonstrated. It is 
assumed that surgical fistulae made in deaf patients in a similar AA^ay to 
those in animal experiments cannot be eAnluated by threshold hearing 
tests. 

The effect of testosterone propionate on the ash content of the femurs of 
castrate mice. Charles D. Koch.akian and Theodore G. Martens 
(introduced by John R. Murlin). University of Rochester, Roch- 
ester, N. y. 

Male mice Avere castrated at approximately 5 AA’eeks of ago and 30 days 
later AA’cre implanted subcutaneously AAith testosterone propionate 
(Perandren) pellets. After 60 to 96 days of treatment, the femurs of 
these animals showed an average increase in ash of 2.2 per cent over those 
of their castrate controls. This increase AA\as statistical!}'’ significant. 

The calcium phosphorous ratio of the castrates (2.11) aa’us greater than 
that of the treated mice (2.03), This difference AA'as due to a greater 
percentage of calcium. The per cent phosphorous Avas the same for 
both groups. 
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One group of animals had completely absorbed their implanted androgens 
before autopsy and had reverted to the castrate state. The ash contents 
of the femurs of these animals was similar to those of the castrate mice, 
but the calcium phosphorous ratio was the same as that of the treated 
animals. 

The in vitro synthesis of carbohydrate by liver slices and diaphragm of 
normal, adrenalectomized and adrenal cortical extract treated rats. 
G. F. Koepf (bj’- invitation), H. W. Horn (bj’- invitation), C. L. Gem- 
mill and G. W. Thorn. Chmiical Division, Medical Clinic, Johns 
Hopkins Univcrsiiy and Hospital and Department of Physiology, Johns 
Hopkins University, School of Medicine, Baltimore, Md. 

Since removal of the adrenal glands alters carbohydrate metabolism, 
a study was undertaken of the .synthesis of total carbohydrate from non- 
carbohydrate sources bj’’ liver slices of a, normal; h, adrenalectomized, 
and c, adrenal cotical extract treated rats. The total carbohj'^drate 
content of liver slices was measured before and after 2\ hours of shaking 
in oxygenated Ringer’s solution at 37.5°C. In addition, determinations 
were made of the ability of the diaphragm to form glycogen from glucose. 
The adrenalectomized rats were maintained in good condition with sodium 
chloride and used 6-8 days after bilateral adrenalectomjL 

In the liver slices of both normal and adrenalectomized rats a very 
small but definite quantity of carbohj^drate was formed in Ringer’s solu- 
tion without added substrate. Pretreatment of animals vith adrenal 
cortical extract did not alter this finding significantly. 

Carboh5'’drate in appreciable amounts was formed by liver slices of 
normal and adrenalectomized rats from 0.2 per cent d-lactate or 0.4 per 
cent pyruvate. Although in a few of the experiments the liver slices of 
adrenalectomized animals fomied subnormal amounts of carbohydrate 
from these substrates, in most instances the adrenalectomized and normal 
did not differ significantly. Pretreatment with adrenal cortical extract 
caused an increase in formation of carbohydrate in liver .slices in media of 
0.2 per cent d-lactate or 0.4 per cent pyruvate. 

Various concentrations of alanine failed to form significant amounts of 
carbohydrate in liver slices of normal or adrenalectomized animals. How- 
ever 0.4 per cent glutamate readily increased carboltydrate formation in 
liver slices of the same animals. 

The initial total carbohj’^dratc content of liver slices of adrenalectomized 
rats fasted 24 hours was found to be much lower than that of normals 
fasted during a similar period. This finding was so striking that it might 
be used to confiim the absence of acce.ssory adrenal tissue in adrenal- 
ectomized rats. 

In a medium of 0.2 per cent glucose the increase in glycogen content of 
the diaphragm of both normal and adrenalectomized rats was of the same 
magnitude. 

These findings indicate that the synthetic production of carbohydi'ate 
from non-carbohydrate sources by liver slices is in some instances dimin- 
ished and in othere not significantly changed by adrenalectomy and pre- 
treatment -with large amounts of adrenal cortical extract augments this 
S5mthesis. 
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Specific antagonism between methionine and sulfanilamide in E. coli. 
Henry I. Kohn and Jerome S. Harris (bj' invitation). DeparimenU 
of Physiology and Pharmacology, Pediatrics, and Biochemisinj, Duhe 
University School of Medicine, Durham, N. C. 

Using a strain of E. coli capable of grondh in a basal mediiun of inorganic 
salts and glucose, we have determined the effect of adduig to the basal 
medium each of the naturally occurring amino acids, both in the presence 
and absence of sulfanilamide. Only methionine, at 0.0001m, can 
antagonize O.OOlii sulfanilamide. 

This action is specific for methionine, and is not given b}’’ ethionine, 
homocystine, or sulfamethionine. Ethionine and norleucine inliibit 
growth and sjmergize the action of sulfanilamide in our medium, probably 
bj’- competing vdth and displacing methionine in the cell, since the addition 
of small amounts of methionine abolishes these inhibitions. 

Sulfamethionine (N-sulfanibd-methionine) neither antagonizes nor 
inhibits; and this is also true of the sulfa- compounds synthesized by us 
from alanine, asparagine, beta-alanine, cj^stine, glycine, leucine, norleucine, 
norvaline, proline, phenylalanine, valine, and amino-butyric and amino- 
isobut3’Tic acids. 

The metabolism of methionine is obscure. Grovdh does not occur if 
the ammonia of the basal medium is replaced bj* methionine. It is not 
oxidized, decarboxjdated, or h^'-drotysed b\' washed suspensions of our 
strain of coli in the Warburg vessel (buffered saline pH 7.2, 37°), though 
it tends to prevent a decline in respiration (glucose). When growth is 
initiated bj’’ adding ammonia, the increase in respiration is greatlj’’ accel- 
erated bj^ the presence of methionine. 

Although less acth-e than p-amino-benzoate, and incapable of antagoniz- 
ing high concentrations, methionine must account for some loss of potency 
of sulfanilamide in media containing protein derivatives, where other 
amino acids probabh’- enhance its activitjL Cozymasc is without effect, 
though it antagonizes sulfapyridine in Staphylococcus (West and Coburn) ; 
three isomers of amino-nicotinic, nicotinic, and pantothenic acids also 
arc inactive. 

Further analysis of the factors determining the temperature coefiBcients 
of cellular respiration. Irvin jM. Korr. Department of Physiology, 
New York University College of Medicine, New York City. (I^ad b}’" 
title.) 

Rubenstein and Gerard (1934) showed that the temperature coefficient 
of respiration (Q^) of the unfertilized sea urchin egg was approximately 
twice that of the fertilized egg. In a temperature anab'^sis of the changes 
in respiration which take place on fertilization the author (Korr, 1937) 
confirmed the shift in temperature coefficient, finding Qio of the fertilized 
egg to average around 2.3 and that of the unfertilized egg around 4.1. 

That, studj' revealed that the acceleration of oxj’^gcn uptake of the un- 
fertilized egg b\' the addition of a hj^drogen-carrier (pyocyanine) lowered 
the Qio- Tlie amount of the lowering was related to the degree of accelera- 
tion. This in turn was related to pyoci'^anine concentration. At the 
pj'ocjmnnc concentration (0.015 per cent) required to elevate re.spiration 
to that of the fertilized egg, the temperature coefficient was identical 
with that of the latter; at all temperatures unfertilized eggs -f 0.015 per 
cent pyocyanine respired at the same rates as the normal fertilized egg. 
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It was therefore of interest to observe the alterations in rates and 
temperature coefficients of egg respiration as the result of suppression of 
dehydrogenase activity by graded concentrations of ethyl urethane. The 
fertilized eggs of that series (summer of 1938), observed over a range of 
temperatures from 12.5° to 30°C., showed a temperature coefficient of 2.5. 
In the presence of urethane the respiratoiy rate was reduced, and the 
temperature coefficients were lowered. The degree of lowering of the 
temperature coefficient was related to the degree of suppression of the 
respiration. In the presence of 3.0 per cent urethane (which at 25°C. 
diminished the respiratoiy rate to 42 per cent of normal) the Qio was 
reduced to 1.3. Lower concentrations of urethane produced Qio’s inter- 
mediate between that value and the control value of 2.5. 

Thus, temperature coefficients of respiration in the Ai’bacia egg have 
been experimentally altered through a range corresponding to that between 
Qio = 4.1 and Qio = 1.3. Whether still further suppression of dehj’-dro- 
genase activity bj' slightl 3 ’- higher concentrations of eth 3 d urethane vill 
render respiratoiy rate completel 3 ’" independent of temperature (Qio = 
1.0) awaits further investigation. 

The relation between cellular metabolism and physiological activity.^ 

Irvin M. Korr. Dcfartmenl of Physiology, New York University 

College of Medicine, New York City. 

This is the first progress report of an investigation of the changes in 
cellular metabolism which take place as certain mammalian tissues pass 
abruptly from “rest” into ph 3 ’siological activity, e.g., secretion, contrac- 
tion. We hope that it will ultimateb'’ 3 aeld considerable information 
concerning a, the functional integration of oxidative mechanisms in the 
intact cell; b, mechanisms of energ 3 ’- transfer, and c, their relation to cellular 
organization. 

Manometric determinations of oxygen uptake have been made on tissue 
slices, before and after stimulation b 3 ’^ specific humoral agents (e.g., 
salivaiy glands stimulated b 3 ’' acetylcholine and adrenalin, pancreas b 3 '' 
secretin, m 3 mmetrium b 3 ’^ oxytocin), in the presence of specific enz 3 Tne 
inhibitors, activators and substrates. In this manner the degree of 
participation of certain ke 3 ’’ enzymes or enz 3 mie S 3 ^stems can be delineated 
for the resting and for the functioning tissues. 

Such experiments with azide and C 3 '^anide, together vdth direct spectro- 
scopic observation of c 3 dochrome bands, have indicated that little or 
none of the respiration of the i-esting cell proceeds through the cytochrome- 
oxidase system. Upon stimulation of the tissues large increases in respira- 
tion take place which are mediated by the Warburg-Keilin system, and 
are prevented or eliminated b 3 ’’ the above poisons. 

The manner in which the Warburg-Keilin system becomes engaged on 
stimulation, and other oxidative changes are now under investigation in 
the submaxillaiy gland. 

Experiments with paraphen 3 denediamine indicate that the Warburg- 
Keilin system is present in the resting cells in a form capable of reaction, 
but that it depends, for its participation in the respiratory complex, upon 
an agent or agents capable of reducing the C3dochrome, and that this 

* Aided in part by grants from the American Philosophical Society and from the 
Ella Sachs Plotz Foundation. 
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agent is made available upon stimulation of the cells; it can be abruptlj- 
\vithdravTi by reversal of the stimulation (by atropine). This agent must 
fimction in connection with the substrate-dehydrogenase systems. 

Shifts in the latter also occur. For instance, fluoride does not reduce 
the respiration of the unstimulated cell, whereas it prevents the nonnal 
rise in metabolism (and the “gearing’' of the Warburg-Keilin system) 
when acetylcholine is added. 

Closer identification of the systems involved and of their interrelations 
is now in progress. 

Urine dilution and concentration tests in normal and adrenalectomized 
dogs. F. J. Kottkb (by invitation), C. F. Code and E. H. Wood 
( by mentation). Department of Physiology, University of Minnesota, 
Minneapolis. 

The power of the kidney to elaborate a dilute urine and a concentrated 
urine was tested in adrenalectomized dogs maintained in good condition, 
ivithout cortical hormone, on a high sodium-low potassium diet. Under 
similar conditions the specific ability of the kidnej' to concentrate chloride 
has been studied. The performance of the kidney during these tests was 
compared vdth that of normal dogs maintained on the same diet. 

The specific gravit}^ of the urine was used to measure the diluting and 
concentrating abilit 3 ’’ of the kidnejL In perfomimg the dilution test 
300 cc. of distilled water was given to the fasted dog bj'’ stomach tube, and 
urine samples were obtained at hourly intervals. The concentrating 
ability was tested bj' depriving the animal of food and water and determin- 
ing the specific gra^dty of the urine during a number of twelve hour periods. 
To appraise the power of the Iddney to dispose of excess chloride, the urine 
chloride concentration was determined at ten minute intervals over a 
period of several hours follovdng the intravenous injeetion of 350 
cc. of 4.5 per cent NaCl solution. All mine samples were obtained b}"^ 
catheterization. 

If the adrenalectomized animal Avas Avell sustained on the liigh sodium- 
low potassium diet without cortical hormone, as dilute or nearly as dilute 
a mine was obtained as from the normal animals. Howei-er, even though 
the adrenalectomized animals were ivell maintained vithout homione the 
power of their kidnejAS to concentrate urine was reduced. Similarly, the 
ability of the kidnej^ to dispose of excess chloride bj' high urine chloride 
concentrations ivns limited bj' the lack of cortical hoimone. 

Simultaneous observations on the activity of the gall bladder, the sphincter 
of Oddi and the duodenum. D. D. Kozoll^ (bj’^ invitation) and 
H. Necheles. Department of Gastro-Intestinal Research, Michael 
Reese Hospital, Chicago, III. 

7’his work was undertaken to studj’ the emptying mechanism of the 
gall bladder. Since this mechanism obviously depends on three rnain 
factors, these were investigated in acute experiments on anesthetized 
dogs. The.se three factors are; motilitj' and tone of the gall bladder, 
of the duodenum, and the resistance of the sphinctcric mechanism of the 
duodenal portion of the common duct. Balloons were inserted into gall 
bladder and lower duodenum and their acthdty recorded b.y manometers. 

’ ncriiard Portis Resenreh Fellow in Surgery. 
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The common bile duct was sectioned; its proximal part was intubated for 
the collection of bile; its distal part was cannulated and connected to a 
suitable manometer; through a T tube attached to the latter, isotonic 
saline solution was perfused at a constant rate through the common duct 
into the duodenum. A cannula permitted the outflow of the saline from 
the duodenum. The resistance offered to the flow of saline through the 
sphincter of Oddi was recorded by manometer. Respiration was recorded 
by a balloon inserted between the diaphragm and liver. Blood pressure 
was recorded bj^ the usual method. 

Results. The sphincter of Oddi has a regular and distinct tonus rhj'^tlim, 
independent of the tonus and of the gall baldder and duodenum. There 
is a surprising lack of correlation between high tonic contractions of 
duodenum and the tone of the sphincter of Oddi, i.e., subtetanic contrac- 
tions of the duodenum frequently do not impede the full flow of perfusion 
through the sphincter of Oddi. The motility of the gall bladder is inde- 
pendent of the spontaneous activity of duodenum and sphincter of Oddi. 
The intravenous administration of 200 cc. of 0.9 per cent saline solution 
is followed consistentlj’’ bj’’ marked increase of sphincter tone and after a 
short interval by marked increase of duodenal tone and motility. The 
intravenous administration of 200 cc. of 5 per cent glucose solution never 
had any effect on the sphincter and usually inhibited the duodenum. 
Neither saline nor glucose solution had an effect on the gall bladder. 
The effects of saline glucose mixtures, hypertonic solutions and painful 
stimuli will also be reported. 

The glass spoon manometer for optical pressure recording. William 
G. Kubicek (by invitation), Frederick P. Sedgwick (bj" invitation) 
and Maurice B. Visscher. Department of Physiology, University 
of Minnesota, Minneapolis. (Demonstration.) 

The Gibson Spoon Manometer principle has been adapted to physio- 
logical research uses. Methods of construction have been described by us. 
(Review of Scientific Instruments, 1941). Manometers of desired sensi- 
tivities over a wide range can be constructed. Instruments of sensitivity 
suitable for arterial pressure recording have natural frequencies ranging 
from 100 to 160 cycles per second under operating conditions. 

Manometers Avill be demonstrated having sensitivities ranging from 
0.2 to 2.5 mm. deflection per mm. Hg at 2 M distance. The angular 
deflection is linear with pressure and the calibration does not change over 
several months of use. Elastic hysteresis is most pronounced with soft 
glass, less Avith pyrex and least AAath quartz. The correction required on 
this accoimt, even Avith soft glass, is relatWelj' small. 

Experimental coronary insufficiency in the dog: electro-cardiographic, 
blood pressure and pathologic study, Joseph J. Lalich^ George W. 
Walker, and Louis Cohen (introduced by 0. 0. Stoland). Hixon 
Laboratory for Medical Research, University of Kansas, Kansas City. 
Coronary insufficiency Avas studied in 26 dogs for periods of a few days 
to one year. Analysis of 292 normal grams on 26 dogs shoAved that in- 
verted or diphasic (minus plus minus) T waves are most frequent and that 
RS-T deviation occurs in 4.1 per cent of the records. Sodium pentobarbital 

> George A. Breon FelloAv in Experimental Medicine. 
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in anesthetic doses causes tachycardia, maj’- produce RS-T deidation, and 
may make positive T waves inverted. In IS dogs the left circumflex 
coronary was dissected and partially constricted ivith a Goldblatt clamp. 
In eight control dogs two had their pericardia cut, six had the circumflex 
artery dissected, and clamps ivere applied without constriction to thine 
dogs. Some of the control dogs developed positive T waves, and minor 
RS-T de\iation for 1 to 3 days. The constricted dogs in 270 records 
shownd RS-T deviation, loss of Ql, and upright T waves. Arrh 3 dhmias 
appeared in 12 to 24 hours and lasted but two days. Normal grams fol- 
low’ed in 5 to 10 days and remained from one to four months when Ql and 
T Avave changes, with RS-T deviations reappeared and persisted from one 
to six months. Blood pressure studies (Hamilton manometer) on 464 
records revealed that coronary constriction did not alter the arterial blood 
pressure. Pathologic studies shmved tw'o out of eight control dogs had 
infarcts. In the constricted group five had infarcts, five had minimal 
fibrosis, and eight had no infarction. It is concluded that manipulating 
the heart or constriction of the circumflex arteiy will produce EKG changes 
without infarction. 

A method for the study of skin histamine (vrith some results of splanchnic 
nerve stimulation). E. H. Lambert and S. R. Rosenthal (introduced 
bj' G. E. Wakerhn). Department of Physiology and Department of 
Pathology, Bacteriology and Pnblic Health, University of Illinois, Col- 
lege of Medicine, Chicago. 

Uniform pieces of skin (one cm. in diameter and comparable in thickness 
to a Thiersch graft) are placed between anode and cathode chambers for 
electrodialj^sis; the raw surface of the skin is separated from the cathode 
fluid bj’’ a thin sheet of cellophane. One-half milliampere current is passed 
through tlie skin for tlnee minutes. The cathode fluid (0.2 cc. of 0.9 per 
cent saUne) is removed, heated at 100 degrees C. with 0.05 cc. N HCL for 
30 minutes, evaporated to drjmess, made up to 0.2 cc. with distilled water 
and adjusted to pH 7.4 Avith neutral red indicator. The samples thus 
obtained are assaj-^ed on a strip of guinea pig ileum. Samples not boiled 
in acid contain a substance wiiich counteracts the action of histamine 
on the gut. 

With this method an increase of free histamine in the skin can be detected 
after intraA-cnous injection of histamine. Large quantities of histamine 
appear in the cathode fluid Avhen the skin has been superficially burned. 

An attempt aa^s made to deteimine AAdiether histamine is liberated in 
the .skin of the abdomen folloAving stimulation of the splanchnic nerA'e. 
Control samples of skin AA-ere taken from the right side of the upper ab- 
domen and loAA'er chest in dogs. Electrodes Avere applied to the left 
splanchnic neiwe under procain or light ether anaesthesia. FolIoAring 
stimulation of the nerA'e, samples of skin AA'ere taken from the left sid^ 
Although incomplete, the results suggest that histamine maj^ be liberated 
reflexlA' in the abdominal skin upon stimulation of the splanchnic nerve. 

Factors governing blood flow through limb vessels.* Milton Landow'NE- 
(introduced Iaa* L. N. Katz). Cardiovascular Department, Michael 
Reese Hospital, Chicago, III. 

Aided by the D. Xast Fund for Cardiac Rcscarcii. 

' Emanuel Libman Fellow. 
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Blood flow was determined in the horizontal human leg-foot by a modi- 
fication of the Hewlett and Van Zwaluwenburg plethysmographic method. 
The procedure was critically evaluated prior to these studies. 

A. Evidence is presented to support the hypothesis (when blood pressure 
and cardiac output are unchanged) that maximal blood flow in the resting 
hmb is determined not alone by dilatation of the minute vessels but if 
dilatation of these vessels is greater than a certain degree, maximal flow 
is then determined also by the diameter of the larger supptying arteries. 

This concept is supported b 3 ’- the followung obser^^ations : 1. When the 
flow consequent upon release of arterial occlusion was compared to the 
duration of occlusion, the maximal flow approached a limiting value as 
the duration was increased. 2. Maximal flow duiing such hyperemia was 
of the same order of magnitude as was that induced bj’- local heat. Com- 
bined heat and arterial occlusion were no more, or but slight^ more, 
effective than either procedure alone, although the locus of action was not 
the same. 3. When occlusive vascular disease affecting predominantlj'^ 
the major vessels was present — as in thromboangiitis obliterans — heat, 
or arterial occlusion, or Ijoth, did not induce significant increases in blood 
flow. In such cases the “resting” flow was “maximal” as well. It is im- 
portant therefore to consider the diameter of major vessels as a factor 
which maj’’ limit flow through a vascular area. As a corollarj’’ the neces- 
sity of criticallj’- considering all other segments of an area in evaluating 
flow through an}’’ one of these is emphasized. 

B. The “reactive” hyperemia consequent to release of artenal occlusion 
was investigated. 

Maximal flow occurred at once in uncongested limbs, was delayed up to 
30 seconds in previously congested limbs. Subsidence of increased flow 
was related to the duration of prior occlusion, and initial vascular state. 
In some instances after initial maximal flows a sharp transient decrease 
occurred, succeeded bj'" a secondaiy rise, and then gradual subsidence. 

Simple apparatus for optical registration of vascular dynamics.’ Milton 

Landow^ne- (introduced bj’^ L. N. Katz), Cardiovascular Department, 

Michael Reese Hospital, Chicago, III. (Demonstration.) 

Simply designed and easity constructed equipment which make ac- 
curate optical recording available for clinical or animal study is presented. 

1. A simple light source for multiple optical recording employ's a 6-8 
volt 32 c.p. automobile lamp, rectangular mask and a focussing lens. The 
essential feature is the cylindrical piano- or bi-convex lens of 6 to 14 
diopters (a C 3 dindrical test case lens or reading glass). This directs a 
broad beam of sharpl 3 ’^ focussed light to.reflecting and/or focussing surfaces. 

2. The intra-arterial monometer of Hamilton is demonstrated, modified 
into compact form for recording on a electrocardiograph camera. On a 
single stand are mounted a reservoir connected to the membrane carriage 
and calibrating manometer. A special adapter and needle are connected 
b 3 ’^ 2 to 3 feet of flexible lead tubing. The s 3 '^stem is sterflized with alcohol, 
filled with sterile 3% sodium citrate and merthiolate 1 ; 100,000. 

3. A sterilizable segment capsule is coimected b 3 '' a T tube to a calibra- 
tion and siippty reservoir of sterile sodium citrate and to a needle. This 
records local venous pressure Awth the error and damping introduced b 3 ’- 

1 Aided by the A. D. Nast Fund foi* Cardiac Research. 

- Emanuel Libman Fellow. 
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the use of non-rigid tubing. Antecubital venous pulsations may be 
recorded by this method. 

Excitation and inhibition of the inspiratory center by afferent impulses 
from the lungs. M. G. Larrabee and G. C. Knowlton. Department 
of Physiology and Biophysics, Cornell University Medical College, 
New York City. 

The response of inspiratory motoneurones to changes in lung volume 
was measured by recording the action potentials of single efferent fibers 
in the phrenic nerve. 

In agreement with Worzniak and Gesell it was found that inflation of the 
lungs can increase the impulse frequency of the phrenic discharge and that 
this effect is abohshed by cutting the vagus nerves. Such an increase in 
the frequency of discharge is elicited 0^3’’ b}’’ an inflation considerabl}’^ 
in excess of the normal inspiratory volume. Furthermore it lasts only 
a few tenths of a second and is followed by an inhibition of the discharge. 
Inhibition is the onl}’’ effect obseived with smaller inflations. We interpret 
this to mean that the excitation and inhibition are mediated by separate 
sets of afferent flbers which differ in threshold and rate of adaptation. 

The reflex effect of normal inflation of the lungs was studied by compar- 
ing the discharge of a single fiber of the phinnic nerve during a normal 
inspiration with that which occurred immediately after producing a 
pneumothorax. The pneumothorax was made during expiration by 
opeimg cannulae previously inserted through the chest wall. The first 
inspiratory discharge subsequent to the sudden pneumothorax was pro- 
longed, with the impulse frequency increasing along a smooth curve for 
a time considerably longer than the normal inspiration. The discharge 
during normal inspiration followed exactly the same frequency curve to a 
point at which the discharge suddenly slowed, to stop completely after two 
or three additional impulses. 

We conclude that the afferent vagal discharge w'hich develops during 
eupneic inflation of the lungs exerts no excitant action on the phrenic 
motoneurones. Neither is there any evidence of an inhibitory action 
until the discharge suddenly stops. 

Effect of previous environmental temperatme on the metabolism of the 
rabbit measured at 28°C. Robert C. Lee (introduced b3'' Thorne M. 
Carpenter). Nutrition Laboratory, Carnegie Institution of Washing- 
ton, Boston, Mass. 

The effect of the previous environmental temperature to which rabbits 
have become acclimated on the metabolism at 28°C. was studied with 12 
adult rabbits (1.9 to 5.3 kgm.) in observations over periods of 8 to 18 
months. All the metabolism measurements used were made at 28° to 
29°C., with the ralibits in complete repose, after the3’’ had been 24 hours 
at 28°C. The metabolism of 5 rabbits, previously Ihdng at 17° for 3 
weeks, gradual^' decreased (total decrease 14 per cent) as the sta3’' at 28 
increased from 1 to 14 da3's, but from the 14th to the 30th da3'^ it decreased 
onl3^ an additional 3 per cent. When the rabbits were kept 3 weeks longer 
at ^°, a decrease in metabolism of 2 per cent resulted. IWien the previous 
temjjcrature was again lowered to 18° and maintained at this level for 3 
weeks, the metabolism measured at 28° increased but ivas apjireciaijl.v 
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lower than that measured after the previous stay at 17°, due to the long 
adjustment to 28°C. A repeated adaptation to 28° for 3 weelcs resulted 
in an approximate reproduction of the previous metabolic level noted 
under about the same conditions. A maximum variation of 22 per cent 
was found between the measurements after the rabbits had been living 
at 31° and after they had been Imng at 17°C. With another group of 7 
rabbits, the measurements at 28° were 13 per cent lower after the animals 
had lived at 29° than after they had lived at 10°C. In 89 per cent of the 80 
instances where the previous temperature was changed from one level to 
another, the metabolism at 28° varied inversely with the change in tem- 
perature. In exact metabolism studies on rabbits the temperature at 
which the rabbits live must be carefully controlled. The major adjust- 
ment of the metabolic level to the previous environmental temperature 
takes place within a 3-week stay at the given temperature level. The 
effect of previous environmental temperature on the metabolism offers a 
partial explanation of the variability in basal metabolism measurements 
on the rabbit obtained by different investigators. 

Obesity in the rat. Phyllis Levens (by invitation) and H. G. Swann. 
Department of Physiology, University of Chicago, Chicago, III. (Demon- 
stration.) 

Obesity has several times been reported to follow experimental h 3 ^er- 
insulinism in the rat. However, the reported weight gains have not been 
large. Also, in our hands, a mortality approaching 100 per cent has been 
found to follow administration to the rat of 6 or more units per day of 
Protamine Zinc Insulin, if special measures to avoid it are not taken. We 
have found that if a pellet of Desoxycorticosterone acetate (courtesy of 
Schering Corp.) is implanted and if 25 per cent cane sugar is made the sole 
source of drinking fluid, the lethal effects of insulin are counterbalanced 
and a rapid extreme obesity results. Ten units per day of Protamine 
Zinc Insulin yield optimum results. Adult rats of 300 grams gain but 
little further weight under our conditions if untreated. But with this 
treatment, thej’' gain about 3 grams per day, weights of 600 or more grams 
being attained. At autopsy, large pads of fat are found subcutaneously 
and retroperitonealljL Total saponifiable fat of the whole cadaver is 
increased 3 to 5 fold over the normal. 

Some of these obese rats wall be demonstrated. 

On the non-existence of mitogenetic radiation.^ Jules Levine (by invi- 
tation) and Arthur H. Stbinhaus. George Williams College, 
Chicago, III. 

These studies were designed to determine the existence or non-existence 
of mitogenetic radiation. The original Gurvitsch strain of yeast was used 
as both detector and sender. The Gurvntsch kej- experiments on 3 ’-east 
were repeated with negative results. 

New methods of detecting possible biological radiations were worked out. 
Petri dishes of beer wort agar were seeded vith a two-da 3 ’^-old yeast culture. 
Five plates were selected for “radiation” and five for control. At hourl 3 '' 

' The conduct of this study was aided by a grant from the American Association 
for the Advancement of Science and for the period from April, 1936 to August, 1937 by 
the Works Progress Administration under its project Number 3394. 
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intervals plugs one centimeter in diameter were punched out from each 
plate and fixed in 2 cc. of 20 per cent sulfuric acid. Mother and bud cells 
per plug were counted in a hemocytometer and fourteen-hour grovdh 
curves were thus obtained for both ‘^radiated” and control plates. The 
detector culture was always in the lag phase of grovdh when exposed to 
the sender culture. Exposure time, temperature of incubation and dis- 
tances between sender and detector culture were varied. A series of 
experiments were done in which yeast was self “radiated” by being exposed 
to a chromium plate reflecting surface. 

Detection of Gui'witsch rays was also attempted by use of liquid yeast 
capsule and liquid yeast plunger methods. In the capsule method a small 
quartz capsule containing yeast used as a sender culture is immersed in a 
test tube containing a detector yeast culture. After exposure the amount 
of gro-wth in the detector is measured by reading the degree of density in 
foot candles, as determined by the amount of light which penetrated to a 
Photoelectric cell. In the plunger method a glass plunger containing 
3 ^east sender on honey agar media is inserted in the tube containing the 
liquid detector culture. After ten minutes exposure the plunger is with- 
di’avm and readings on the exposed culture made every hour. 

Analysis of the data obtained from about 350 complete sixteen-hour 
tests each involving “radiated” and control cultures points to the non- 
existence of Gurvitsch or M rays. 

The effect of excessive dietary sodium chloride and potassiiun chloride on 
the carbohydrate metabolism of normal rats. Robert C. Levus, Jr. 
and Bernard B. Longwell (introduced by Maurice H. Rees). De- 
pariment of Biochemistry, University of Colorado School of Medicine, 
Denver. 

The utilization of administered carloohydrate has been compared in 
male albino rats maintained during a two week preliminary period on diets 
of varying sodium chloride and potassium chloride content. The concen- 
trations of added salts in grams per kilo were as follows: control diet, 0.69 
gi'ams of sodium, 2.38 grams of chlorine and 2.99 gi'ams of potassium; high 
sodium chloride diet, 33.7 grams of sodium, 49.7 grams of chlorine and no 
added potassium; high potassium chloride diet, no added sodium, 22.5 
grams of chlorine and 26.5 grams of potassium. 

The fasting blood sugar levels showed about the same range in the rats 
on each of the three diets. However, the tolerance to orally administered 
glucose and the sensitmty to subcutaneously administered insulin was 
greater in the high sodium chloride animals than in the controls. Although 
the glucose tolerance of the high potassium chloride animals did not differ 
significantlj' from that of the controls, the sensitivity of these animals 
to insulin was decreased. Insulin sensitivity was judged bj’’ the initial 
rate of fall of the blood sugar, hy the incidence of insulin reactions and by 
the rate of return of the blood sugar toward the fasting level. 

The observed differences in glucose tolerance may have been due to an 
alteration either in the rate of oxidation of glucose or in the rate of its 
storage as glj’^cogen. The animals on the high sodium chloride diet oxidized 
less of an administered dose of glucose than did the controls, and the 
animals on the high potassium chloride showed no significant variation 
from the controls in this respect. Thus, there was presumptive evidence 
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that the observed changes in glucose tolerance and in insulin sensitivity 
were brought about b}’’ storage changes rather than by alterations in the 
oxidative reactions. However, although part of the evidence obtained 
by direct measurement of glycogen storage in the muscles and Uvers con- 
firmed this view, the results in this phase of the study were not entirelj’- 
consistent. 

Papaverine and ventricular fibrillation.^ E. Lindner (by invitation) and 

L. N. Katz. Cardiovascular Department, Michael Reese Hospital, 

Chicago, III. 

In a series of five dogs in which the coronary ch’culation was maintained 
bj'- perfusion vdth defibrinated dog blood, papaverine hydrochloride 
(Lilly) in concentrations of 1:200 to 1:340 in the coronary vessels resulted 
in the disappearance of faradically induced ventricular fibrillation and the 
restoration of synergic beating within five minutes of its administration. 
In three other dogs without such coronary perfusion, the intraventricular 
administration of papaverine hydrochloride accompanied by manual 
massage changed ventricular fibrillation to synergic beating within 22 
minutes. Massage without papaverine in tw*o other dogs failed to abolish 
the fibrillation. 

In a series of 8 dogs, production of ventricular fibrillation b 3 '' faradic 
stimulation requh-ed definitely greater current strength after administra- 
tion of papaverine than before. The strength of stimulus required for 
ventricular fibrillation in the untreated dog w^as that obtained from a 
Harvard inductorium w^hen the secondary coil w'as 10 cm. from the primary. 
After the administration of papaverine, the stimulus required for fibrilla- 
tion was that obtained when the secondary coil was only five cm. from the 
primary. After reestablishment of synergic beating in the animals treated 
with papaverine, the current strength required for refibrillation w'as gi-eater 
than in the controls. 

The influence of pyramidal excitation on the spinal cord of the cat. David 

P. C. Lloyd. Laboratories of The Rockefeller Institute for Medical 

Research, New York City. 

Stimulating electrodes were placed on the medullary pyi’amids between 
a transection cranially and a lesion excluding the pyramids caudally. 
Thus cortical reverberation and extrapyramidal acthdty were excluded. 
Records were obtained bj’- microelectrodes in the cord, or by ventral root 
leads. 

Single shocks cause; 1, a tract response which in the lumbar cord begins 
about 4.5 msec, after the shock and lasts several milliseconds, representing 
conduction velocities downward from 65 M./sec., and 2, a burst of inter- 
nuncial activity, consisting of small spikes (50 yY), w'hich is most prominent 
in the extreme lateral intermediate region, and lasts 40 msec. Tetanic 
stimulation intensifies this intemuncial activity. Subsequentlj'- large 
spikes (1-2 mV.) appear after 10-20 msec, at the base of the dorsal horn 
and in the ventral intermediate region. Similar dorsal horn spikes are 
initiated by dorsal root vollej^'s, and interaction between pyi-amidal and 
primary afferent acthdtj’' is, demonstrable at this point. The ventral 

’ Aided by the A. D. Nast Fund for Cardiac Research. 
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intermediate spike activity is paralleled by the course of facilitation in the 
motoneuron pool. 

Since little or no motoneuron discharge accompanies short duration 
tetani, facihtation of reflex discharges is used to detect pyramidal influence 
on motoneurons. Facilitation begins 9-10 msec, following the onset of 
the pyramidal tetanus. At first facilitation is confined to arcs of three 
or more neurons. Only after 12-20 msec, is the two-neuron arc facilitated. 
It would seem, therefore, that motoneurons are influenced secondarib’’ 
to activation of the intermediate region. Indirect action of the pjo-amidal 
system on motoneurons is confirmed for the more rapidlj’’ conducting 
pyramidal fibers by comparing motoneuron facilitation curves obtained 
with successively longer trains of pjTamidal shocks. The added effect of 
each successive volley is exerted o^y after 5.5-6.5 msec, latency., This 
represents a considerable reduction of the summation time from the first 
shock to the first detectible facilitation, but stiU necessitates the inclusion 
of at least one interneuron in the pathway. It is possible that the more 
slowly conducting pyramidal fibers affect motoneurons du-ectly, but the 
resultant must be small by comparison, since no measurable facilitation 
occurs following single or paired pjemmidai shocks. 

Hepatic dysfunction in relation to the reaction between blood serum and 
colloidal gold. Earl R. Loew and Paul Noth (b}’’ invitation). Wayne 
University College of Medicine, and Detroit Receiving Hospital, Detroit, 
Mich. 

It has been indicated (Graj’^, S. Arch. Int. Med. 65 : 524, 1940) that the 
presence of liver disease is demonstrated when blood seinm flocculates 
colloidal gold under specified conditions. The sensitivit 3 ’' and specificity 
of the colloidal gold liver function test suggests great usefulness in the 
clinical and experimental laboratory. 

With the colloidal gold technique we have tested sera from 25 medical 
students and faculty members and 191 patients at Detroit Receiving 
Hospital. This report includes data from all patients studied except those 
knovm to be receiving chemotherapy. Patients were examined by the 
clinical author (P. N.) and the clinical diagnoses were verified whenever 
possible b}’- biopsy material or at operation or autopsy. 

Positive gold reactions were obtained in 87 per cent of 45 patients of 
wliich 23 were diagnosed as hepatic cirrhosis and 22 diagnosed as acute or 
subacute hepatitis. Not more than 75 per cent of the bromsulphalein 
retention or hippuric acid tests were positive in patients giving positive 
gold reactions. The incidence of positive gold reactions was 60 per cent 
in 10 cases of piimaiy or secondary hepatic carcinoma, and 33 per cent m 
27 patients with congestive heart failure w’ith and A^thout definite evidence 
of secondarj' liver involvement. Onlj’' 2 positive gold reactions were 
encountered in 19 cases of acute or chronic cholecj'stitis with or Avithout 
cholelithiasis. PositNe gold reactions occurred in approximateb^ 75 per 
cent of patients with miscellaneous IWer diseases or those with liA^er involve- 
ment, the nature of AA'liich Avas not definitely diagnosed. 

In a control group of 68 ho.spitalized patients AAnth no laboratoiy or 
definite clinical evidence of hepatic disease the incidence of positNe gold 
reactions Avas 9.4 per cent. No positi\m gold reactions Averc obtained aaIui 
.sera from 25 normal indiAfiduals. The high incidence of positive gold 
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reactions in certain types of liver disease suggests the use of the gold reac- 
tion as a routine diagnostic aid. 

Comparative studies of the respiratory act (activity patterns). G. N, 
Loofbourrow (by invitation) and Hobbrt Gesell. Department of 
Physiology, University of Michigan, Ann Arbor. 

Breathing in the chicken differs importantly from that in mammals. 
In the dog most, or even all, of the ener^ for both inspiration and expira- 
tion of air may be provided by the inspiratory muscles. In the chicken, 
the work of inspiration and expiration seems relatively evenly divided 
between the opposing groups of muscles. This difference is related to 
anatomical arrangements of the respiratory tracts. In the dog, all of the 
air is inspired into the lungs. In the chicken, much additional air is 
inspired through the lungs into the flaccid thoracic and abdominal air 
sacs. In the mammal, potential energy is stored by distortion of the 
lungs and torso sufficient to expel the inspired air during relaxation of the 
inspiratory muscles. In the fowl, active expiratory contractions empty 
the air sacs through the lungs during the phase of expiration. In the dog 
the opposing gi-oups of muscles show individualistic patterns of activity. 
The inspiratory muscles exhibit the slowly augmenting and rapidly weaken- 
ing pattern of activity while the expiratory muscles show either the steady 
state or rapidly augmenting and slowly weakening pattern. In the chicken 
both inspiratory and exphatory contractions show the slowly augmentiug 
inspiratory pattern of activity characteristic for the inspiratory muscles 
of the dog, mouse, rat, rabbit, and horse. Frequency of muscle fiber twitch 
and recniitment of newly activated units were found to increase vith the 
progress of each act. It is, therefore, concluded that the mechanism of 
gradation of the respiratory contractions of the chicken necessary to meet 
the mechanical requirements of the resphatory act is the same in both 
inspiratory and expiratory muscles as that previously described in detail 
in the inspiratory muscles of dog.^ 

Preliminary experiments on the alligator indicate that the inspiratory 
pattern of activity of the diaphragm is of the slowly augmenting type found 
in the mammals. 

The action of angiotonin on the completely isolated mammalian heart. 
Victor Lorbbr (by invitation) and Maurice B. Visscher. Depart- 
ment of Physiology, University of Minnesota, Minneapolis. 

The action of angiotonin was studied on the cat heart, completely 
isolated according to the method described by Moe and Visscher (Am. J. 
Physiol. 126: 461, 1939). Nine experiments were done, in six of which 
oxygen utilization was measured continuously in a closed system. In all 
the experiments cardiac output, coronary flow, and changes in diastolic 
volume were measm’ed. Filling and emptjdng pressures of the heart were 
controlled, but diastolic volume was permitted to vary. 

It was found that under the circumstances of these experiments, angio- 
tonin markedly constricted the coronaxy vessels for very short periods, 
an observation aheady reported by others (Hill and Andrus. Proc. Soc. 
Exper. Biol, and Med. 44: 213, 1940). In addition, however, it caused 

1 Gesell, R., A. K. Atkinson and R. C. Brown. Am, J. Physiol. 131; 659, 1941. 
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regularly a prolonged decrease in diastolic volume, as well as a marked and 
extended increase in work performance and efficiency. 

Although there was no exact parallehsm between the effects on the 
coronaiy vessels and m^mcardium at larger doses, both effects decreased in 
intensity and disappeared as the dosage was diminished. In two cases in 
which one effect was elicited independently of the other, it was the coronarj^ 
effect that failed to appear. The m3’^ocardial action in one instance made 
itself evident in a small, transient decrease in diastolic volume, and in the 
other, through a small, though protracted increase in work performance 
and efficiency, as well as a decline in volume. In both cases it is possible 
that a small and transient coronary flow effect may have occurred between 
measurements. 

It seems likety, on the basis of these experiments, that if angiotonin is 
formed in mvo in sufficient quantities to produce a vascular effect, it will 
probably also exert its stimulating effect on the myocardium. 

We are indebted to Dr. Irvine H. Page for suggesting these studies and 
for furnishing the angiotonin solutions. 

Electrotonus produced by direct current pulses in frog nerve. R. Lorente 
BE N6 and L. Da\hs, Jr. (by invitation). Laboratories of The Rocke- 
feller Institute for Medical Research, New York City. 

In freshlj’’ excised neiwe the anelectrotonus and the catelectrotonus are 
symmetrical. Thej^ are quite satisfactorily’’ described by Hermann’s 
model with fixed resistance and capacity (CR of the order of one msec.). 

After standing for some time in Ringer’s solution, or for a few seconds 
in 5 per cent CO2, another slow component of the electrotonus becomes 
prominent. Its rising phase at a few millimeters from the electrodes may 
last from several tenths of a second to one second or more; often after the 
rising phase the membrane potential drops to a stead}’^ lower level. Wien 
this happens, the membrane potential, after the end of the pulse, reverses 
its sign; decremental oscillations may then follow. In one case oscillations 
of about five seconds’ pexiod, lasting for half a minute, were observed. 

Mathematical treatment of a vaiiety of possible physical models of 
nerve indicates that nerve acting as a passive stmeture could not exliibit a 
behavior such as has been described. Therefore, during the slow compo- 
nent of the electrotonus the membrane must add to the polarizing poten- 
tial its own reaction, consisting of a change of its e.m.f. in the opposite 
direction of the polarization. Apparently the nerve expends energj' m 
order to remain near its equilibrium state. 

The slow electrotonus spreads farther than the fast one. The an- 
electrotonus is usually, but not always, stronger than the catelectrotonus. 
Conduction of a train of impulses or ether anesthesia reversibly abolishes 
the slow component, leaving the symmetrical unchangeable fast cornponent. 

The .slow component is intimately’^ related to the after-potentials and 
to the residual potentials that appear at the margin of and beyond a 
conduction block. 

The crystallization of cholesterol from bile and its relation to the formation 
of human gallstones. Marie Lorenz (by invitation) and K. K. Jones. 
Dcjiarlmcnl of Physiology and Pharmacology, Northwestern Umvcrstly 
Medical School, Chicago, 111. (Demonstration.) 
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The crystallization of cholesterol from fatty acids and bile residues, the 
reduction of biliverdin to bilhaibin by fatty acids, and the relation of this 
to gall stone formation, will be demonstrated. 

The human sMn as a conductor of 60 cycle alternating current of high 
intensity, studied on “electroshock” patients. Hans Lowenbach and 
Jasper E. Morgan (introduced by G. S. Eadie). Department of 
Neuropsychiatry and Physiology, Duke University School of Medicine, 
Durham, N. C. 

The treatment of mental disorders ndth electric “shock” provided a new 
opportunity to examine the living human sldn as a conductor of a 60 cycle 
alternating current of relatively liigh intensity (300-1000 milliamperes). 
In a first series of experiments (31 individuals with 98 single “shocks”) 
an ink-writing oscillograph recorded the impedance offered to a potential 
of about 20 microvolts. The electrodes (round copper plates, 5 cm. in 
diameter, electrode jelty between metal and skin) lay on both temples. 
A second ink-writer served as a recording miUiammeter of the “shock” 
current which was applied through the same electrodes. In a second series 
the “shock” current was recorded with an oscillograph able to follow fre- 
quencies up to 15000 cycles for detailed analysis of amplitude and wave- 
form. Finally, human corpses shortly after death, and excised skin for 
a period of several weeks were tested for their conductance. 

\\Tien 50-120 volts are given for 0.1-0.4 sec., the impedance drops 
instantaneously to a value between 270 and 120 ohms regardless of the 
original impedance, if the latter was kept at or below 2000 ohms. In 
females the decrease is slightly smaller than in males. During the time 
of current-flow there is no further gross change of the impedance. The 
waves do not deviate perceptibty from the sine form. When the current 
is broken, the impedance — to 20 microvolts — rises suddenly by 80-150 
ohms, depending on the “shock”-tension applied; it then increases over a 
period of manj'^ seconds, approaching the original value asymptotically. 
The return to pre-“shock” impedance takes place faster after low tensions 
than after high ones. A second “shock” given while the impedance is still 
low, produces the same current as the previous one. 

The skin of human coipses reacts similarly to that of living individuals. 
However, the impedance drop is le.ss with increasing interval between the 
time of death and of examination. Excised skin gradually loses the proper- 
ties of the living skin and, finally, conducts like other organic material, 
i.e., it follows predictably the laws of electrolytic conduction. 

Phosphorus metabolism of the musculature of E-deficient suckling rats. 
G'wei Djen Lu (by invitation), Geadys A. Emerson (by invitation) 
and Herbert M. Evans. Institute of Experimental Biology, Uni- 
versity of California, Berkeley. 

Inorganic phosphate, creatine phosphate and total acid soluble phosphate 
were determined in the entire musculature of the hind limbs of 33 suckling 
rats from vitamin E-deficient mothers. They were sacrificed when from 
22 to 31 days old; in all cases the young were paralj'^zed. As controls, 
similar studies were made of the musculature of 8 sucklings from normal 
mothers and of 4 suckling from mothers receiving 15 mgm. of alpha- 
tocopherol on the day of littering. Six young were studied two days after 
spontaneous recoveiy from severe paralysis had occurred. 
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In the paralyzed rats there was a slight decrease in inorganic phosphorus 
and in creatine phosphorus, and a marked decrease in total acid soluble 
phosphonis and pyro and organic esters phosphorus, the last mentioned 
decrease accounting for about 65 percent of the decrease in total acid soluble 
phosphorus. It is to be noted, however, that the ratio of the inorganic 
and creatine phosphate phosphorus to the total acid soluble phosphorus 
was not altered in spite of a decrease in muscle creatine. It is to be noted 
that in the paralyzed cases, not markedly dystrophic, no change occurred 
in the calcium content. The ratio of creatine to phosphoiiis lost is not 
equamolar. More phosphorus is allowed to circulate in inorganic form. 

In the case of two markedly dystrophic sucklings, different changes were 
found in the musculature. The hmb muscles of these animals were white 
and waxj’- in appearance and microscopicallj’’ profoundly degenerated. 
There was a 50 to 180 percent increase in calcium and great increase in 
total acid-soluble phosphorus. These changes were accompanied by a 
greater decrease in phospho-creatine phosphoms. 

The ability to phosphoiylate glycogen was decreased about 40 percent 
in the acutely paralyzed group and over 80 percent in the markedly 
dystrophic group. In ^dtro additions of vitamin E did not restore the 
esterification of glycogen. 

Pituitary-diabetes in the cat: recovery under phlorhizin treatment. F. 
D. W. Lijkens and F. C. Dohan (by invitation). George S. Cox 
Medical Research Institute, University of Pennsylvania, Philadelphia. 
Following the announcement that pituitar3^-diabetes could be produced 
in the normal dog (F. G. Young, 1937) attempts were made to extend this 
method to the cat. We, hke Young, have failed to do this in normal cats. 
However, after removal of part of the pancreas, leaving enough to prevent 
spontaneous diabetes, it has been possible to make such animals perma- 
nently diabetic by a short course of anterior pituitary'’ extract. A pre- 
hminarj’" report has been made (Science 92: 222, 1940) on the course of the 
island lesions in this species and on the morphological and ph3'^siological 
recovery of the islands when insuhn treatment was initiated in the first 3 
months of diabetes. The I’esponse to other procedures was studied in 
order to determine what particular aspect of insulin action was responsible 
for the reversal of the island damage. Phlorhizin, which causes glycosuria 
in the presence of a low blood sugar, was first investigated. F. M. Allen 
(1923) had shown that this drug could lower the blood sugar of partially 
depancreatized diabetic animals. It has been found that phlorhizin 
(0.2 gram per da30 would lower the blood sugar of pituitaiy-diabetic cats. 
On a constant diet, the gl3'cosuria during phlorhizin administration was 
but little mcreased above that of the preceding pituitary-diabetes. Phlor- 
liizin was given foi' two weeks. When it was discontinued the urine be- 
came sugar free in 5 to 10 da3’^s and the blood sugar remained normal. 
Morphological reco\"er3' of the islands has been observed along with this 
functional recovciy from diabetes. Although the details of phlorhizin 
action require further stud3' the relation of the low blood sugar level to the 
recover}' of the islands under both insulin and phlorhizin is noteworth}’. 
This is a jjrcliminaiy report. 

Factors in the revival of AnguUlula aceti after its solidification in liquid air. 
B. ,T. Ll'YET and M. C. Haiitukg (b}' in\’itation). Department of 
Biology, St. Louis University, St. Louis, Mo. 
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It has been reported previously that the vinegar eel, Aiiguillula aceii, 
a nematode about 2 mm. long, can be revived after having been immersed 
in liquid air (— 195°C.) if its water content has been partially reduced bj’' 
immersion in 30 per cent ethylene glycol and if the worm is rewarmed at a 
velocity of the order of 1000 degrees per second. The reason of the neces- 
sity of so rapid a rewarming is that an exposure of even a tenth of a second 
to temperatures immediately below zero allows the formation of ice and is 
fatal. The present report is concerned with the extent of this zone of 
dangerous temperatures. The worms, after immersion in liquid air, were 
exposed for 5 minutes in an iso-pentane bath maintained at a constant 
temperature from —50° to — 25°C., then the}’- were rapidly rewarmed. 
None of the animals exposed to temperatures above —40° survived, while, 
out of SO exposed to temperatures below —43°, 28 survived. The danger- 
ous zone (that of the formation of ice) for the tissues of Anguillula aceii 
must, therefore, extend from 0° to about — 40°C.; at lower temperatures 
these tissues can be kept in the vitreous state, at least for 5 minutes. 

Action of snake venoms on isolated bronchi. David I. Macht. 
Pharmacological Research Laboratory, Hynson, Wesicott & Dunning, 
Inc., Baltimore, Md. (Read b 3 ’’ title.) 

Solutions of various snake venoms, prepared by dissolving the dried 
scales in physiological saline, were studied on bronchial muscle strips from 
pigs and bronchial rmgs from cats and rabbits and also on lung preparations 
from frogs. Cobra venom solution (H. W. & D.), consisting almost 
entirel,y of neurotoxin and practicallj’’ free from hemotoxic and proteolytic 
constituents, had no effect on either the tonus or contractions of the 
bronchial muscle preparations. Treatment of these preparations mth 
cobra neurotoxin did not interfere with subsequent action on the same rings 
or strips of such well-known pharmacodynamic agents as epinephrine, 
pilocarpine, physostigmine, atropine, papaverin and barium chloride. 
A solution of crude cobra venom containing all the original constituents 
either did not affect or but sUghtlj’’ relaxed the tonus and also did not 
influence the response of such preparations to the other phaimacodjmamic 
reagents. The effects of viper venoms differed from those of cobra venom. 
Five to 10 rag. of scales of Croialuc venom and of the venom of Russell’s 
viper dissolved in 50 cc. of Locke solution markedlj'^ relaxed the prepara- 
tion but did not later inliibit response of these bronchi to treatment with 
the pharmacodynamic reagents mentioned above. The difference between 
the venoms of the vipers and that of the cobra may be explained in part 
at least b}’’ the relativelj’’ smaller content of the latter in respect to cjdotoxic 
and proteoljdic constituents. 

Effect of cobra venom on isolated uterus. David I. Macht. Phar- 
macological Research Laboratory, Hynson, Wesicott & Dunning, Inc., 
Baltimore, Md. (Read by title.) 

The effects of both crude cobra venom and cobra neurotoxin were studied 
bj’’ the usual physiological methods on the tonus and contractions of iso- 
lated uterine strips from virgin and pregnant guinea pigs, rabbits and cats 
in oxygenated Locke solution. Solutions of cobra neurotoxin (H. W. & D.) 
in doses of from 5 to 50 mouse units in 100 cc. of Locke solution diminished 
neither the tonus nor the contractions of the preparations; on the contrarjq 
in some cases the tonicity of the uterine muscle was definitely increased. 
Crude venom containing hemotoxic and proteolytic principles exerted the 
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same effect. In no instance was failure of the muscle to respond to such 
powerful pharmacodynamic agents as epinephrine, pilocarpine and atropine 
observed after its exposure to the venom for from 10 to 15 minutes. This 
lack of interference of cobra venom solution vdth the contractions of uterine 
muscle previous^'’ exposed thereto is contrasted vith the effect that 
morphine exerts on such a preparation. Clinical reports from several 
obstetricians who have employed cobra venom as an analgesic in labor 
confirm the writer’s laboratory findings. When administered to patients, 
cobra venom produced some analgesia without inhibiting contractions of 
the uterus. 

Localization of cobra venom analgesia. David I. Macht. Pharma- 
cological Research Laboratory, Hynson, Westcott & Dunning, Inc., 
Baltimore, Md. (Read by title.) 

That relief of pain effected bj'’ cobra neurotoxin which makes it a useful 
substitute for morphine in advanced mahgnant disease and other forms of 
intractable pain reveals such similarity and dissimilarity betw'een morphine 
and cobra venom as aid materially in localizing the venom’s point of action. 
Cobra venom does not anesthetize peripheral sensory nerve terminals 
locally nor in ordinaiy therapeutic doses does it block conduction of ascend- 
ing or descending nerve fibers. It exerts neither synergism nor antagonism 
in combination with such commlsants as stryc^toine, w^hich act on the 
spinal cord. The analgesia produced thereby is therefore of central 
cerebral origin. Unlike moi-phine, however, the cobra neurotoxin reduces 
neither the acuit3'’ nor the field of \dsion and does not depress the auditory 
and olfactory senses. Experimental psychological studies on human in- 
dividuals proved conclusively that ordinary doses of the cobra neurotoxin 
do not have a narcotic effect on the cerebral cortex or interfere wth intel- 
lectual performance; on the contrary, the}’^ usually stimulate mental 
efficiencj’^ like caffeine. Other psychological and pharmacological experi- 
ments such as those on the action of the drug on temperature regulation, 
on pain thresholds measured quantitatively in rats, guinea pigs, and normal 
human beings, on the behavior of rats in a chcular maze, on reactions of 
human subjects to tests for neuromuscular responses and coordination, on 
ps^’^chogalvanic reflexes and on basal metabolism all seem to indicate that 
the analgesia produced by cobra venom is largely localized in the hypo- 
thalamic region and that this depressant effect does not spread to the cortex 
and particular!}’' to the frontal lolies of the cerebmm as does that produced 
b}' the opium narcotics. These experimental laboratoiy findings on lower 
animals and noimal human subjects are corroborated b}’’ numerous con- 
trolled clinical reports from phj’^sicians who relieved pain in cases of cancer, 
neuralgia, etc., b}'" injecting cobra venom without stupefjdng either the 
special senses or the acumen of the patients. 

The effect of high frequency mechanical vibrations on cocaine and 
cobra venom. D.vvid I. Macht and Gustav Bergson (by invitation). 
Pharmacological Research Laboratory, Hynson, Westcott & Dimmng, Inc., 
Baltimore, Md., and Cruft Physical Laboratory, Harvard University, 
Cambridge, Mass. (Read b}’' title.) 

Prompted b}' Macht's findings with regard to the influence of radiatiom 
on dnigs (Am. J. M. Sc. 109: 520, 1935; J. Am. Chem, Soc. 49: 201/, 
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1927; Arch. f. exper. Path. u. Pharmakol. 146; 177, 1929), the present 
•sviiters initiated an inqiiuy into the. effects on drugs of exposure to mechan- 
ical excitation of supersonic frequencies. Two diverse types of drugs 
were selected: 1, cocaine, an alkaloid the chemical stmcture and cleavage 
products of which are well known, and 2, cobra neurotoxin, a new analgesic, 
the chemistiy of which is j^et unsolved and which is more stable than 
cocaine at ordinaiy temperatures. Solutions of physiological^ assayed 
cobra venom in saline and of cocaine hydrochloride in distilled water, 
sealed in hard-glass ampules, were exposed to mechanical vibrations of 
high frequencies for various times between 10 and 180 minutes. The 
physical setup was a Pierce generator consisting essentially of a vacuum 
tube oscillator circuit generating the desired frequencies and a vacuum 
tube amplifier. The effects of a vdde scale of frequencies, ranging from 
18 to 70 kilocycles per second, were studied. Changes in cobra venom 
were measured by bioassaj^ on mice. The effects on cocaine Avere tested 
for toxicity on Luj)mus albus seedlings (J. Gen. Physiol. 4: 573,- 1922) 
and on mice, and for local anesthesia on rabbits. Certain frequencies of 
excitation over periods of 40 to 180 minutes produced definite changes in 
pltysiological potency of both drags. Particularly effective Avere treat- 
ments AAuth frequencies of 36 and 48 kilocycles per second. Exposure of 
cobra venom to 48 kiloc3’’cles for 40 minutes reduced its potency for mice 
from 10 to 5.5 mouse units per cubic centimeter. A 0.5 per cent solution of 
cocaine hydrochloride, excited for 180 minutes at 36 kilocycles, gave a 
phytotoxic index of 64 per cent, as compared Avith 104 per cent, derived 
from the controls, Avhen tested on groAvth of seedlings in 1:5,000 solutions, 
and lost most of its local anesthetic action. A comparison of the results 
obtained by high frequenc}’’ excitations Avith the effects of thermal agitation 
is in progress. 

Influence of estrone and progesterone on seedlings of Lupinus albus. 
David I. Macht and Dorothy J. Brooks (by invitation). Pharma- 
cological . Research Laboratory, Hynson, Westcott & Dunning, Inc., 
Baltimore, Md. (Read bj’’ title.) . . . 

Crystalline estrone, estradiol and progesterone Avere first dissolved in 
90 per cent ethyl alcohol. From tliis alcoholic solution concentrations of 
the crystalline hormones ranging from 1:100,000 to 1:5,000,000 were 
made in plant-physiological saline solutions (Shive) and groAvth of Lupinus 
albus seedlings therein for periods of tAventy-four hours at 15°C. in the 
dark was carefully studied by measuring the increment of their roots in 
the manner described elseAvhere by Macht (J. Gen. Physiol. 4: 573, 1922). 
Estrone and estradiol, in concentrations of from 1 : 1,000,000 to 1 : 5,000,000, 
stimulated root groA\4h. These results obtained Avith hydroponic cultures 
of seedlings agree Avith horticultural experiments reported by Liebe and 
Neurath (Biochem. Ztschr. 289; 198, 201, 1936-37). Progesterone in the 
same concentrations definite^ inhibited root groAvth, the phytotoxic index 
of Lupinus albus seedlings groAAm in such solutions ranging from 60 to 80 
per cent. Mixtures of estrone and progesterone generally resulted in 
S3mergistic phenomena, the combination of the tAvo producing a more 
toxic index of groAvth than could be accounted for by simply addiv g the 
effects of the indhudual components. 
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Physiological and toxicological effects of some fish muscle extracts. 
David I. Macht, Dorothy J, Brooks (by invitation), and Elizabeth 
C. Spencer (by imdtation). Pharmacological Research Laboratory, 
Hynson, Wesicott & Dunning, Inc., Baltimore, Md. (Read by title.) 
The possibility of elaboration by fishes of poisonous substances not of 
putrefactive origin has been explored to but a limited extent. Mosso 
found that the blood serum of eels was poisonous and Japanese investi- 
gators have extracted a toxin Icnovm as Fugu poison from the OA’^aries 
and testes of certain species of TetraodonUdae and Diodantidae. The 
present writers studied the phj’^siological effects of muscle juices of a large 
series of both edible and inedible fishes. Fresh muscle was ground with 
equal parts b3'' Aveight of sand and ph3^siological saline in the proportion of 
2 cc. for each gram of tissue. This emulsion, filtered through fine linen, 
Avas studied b3’’ zoopharmacological methods on mice and ph 3 ’topharma- 
cological tests on Lupinus albus seedlings. Of the seventy varieties of 
fish examined, the majority AA-ere not poisonous • but a number of them 
yielded extracts that AA^ere toxic for both mice and seedlings. Such poison- 
ous muscle extracts AA-ere obtained from the catfish, eel, skate, stingaree, 
toadfish, balloon fish, porcupine fish, bur-fish and moonfish {Selene vomer). 
Taa-o cubic centimeters of these extracts, injected intraperitoneally or 
intravenousty, poisoned and usually proA’^ed fatal for mice; and one per cent 
solutions in plant-ph 3 ’’siological sahne gave ph 3 "totoxic indices ranging from 
30 to 60 per cent, while most of the edible fish muscle extracts yielded from 
80 to 110 per cent. The possible relationship of these ichth 3 'otoxins to 
other animal poisons, particularly snake venoms, is noAV being studied. 
Most of the toxic muscle extracts were obtained from scaleless fishes, thus 
giving scientific support to the ancient classification of edible and inedible 
fishes into those AA'hich have scales and those AA'hich haA’-e none. 

Muscle extracts from some “shellfish” (not tme fish but either mollusks 
or ci-ustaceans) AA'ere also examined. Muscle juices from squids, lobsters, 
shrimp, scallops, clams and oystere all proved toxic for mice on intra- 
peritoneal injection and gave ph 3 ’ 1 ;otoxic indices for Lupimis albus rang- 
ing from 30 to 60 per cent. 

Ph 3 i:otoxic reactions of blood sera from psychotic patients. David 
I. Macht, Moses B. Macht (by'^ inAutation), and Lester L. Burtnick 
( by^ inAutation). Pharmacological Research Laboratory, Hynson, West- 
cott & Dunning, Inc., Baltimore, and Springfield State Hospital, Sykes- 
ville, Md. (Read by^ title.) 

A systematic studyq by Macht’s special phylopharmacological methods 
(described in preAUOus publications — “Protoplasma”, xxvii, 1, 1937; 
J. Lab. and Clin. Med. 26: 597, 1941), of fresh blood sera obtained from 
patients suffering from A-arious ty-pes of mental disease has been initiated 
by the present authors and is still in progress. They'^ haAm found that from 
SO to 90 per cent of the sera thus obtained are definitely toxic for roots of 
Lupinus albus seedlings groAAm in one per cent solutions thereof in plant- 
phy.siological saline at ]5°C. in the dark, as compared AAuth numerous 
controls grown in phy-siological saline and in normal human blood sera. 
A statistical analysis of the findings .shoAvs that the figure expressing the 
difference in toxicity bctAA’cen normal and psy-chotic blood sera is not only 
very' great but absolutely reliable. Psy-chotic sera AA-ere obtained from a 
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large variety of psychotic patients, including manic-depressive, schizo- 
phrenic, melancholic, paretic and other, groups. One Jiundred cases have 
so far been studied. The most striking finding made in this investigation 
up to the present time is that ph 3 ’totoxic reactions are effected bj' sera 
from both the so-called “organic” and “functional” psychotic cases so that 
in tliat respect there is no sharp line of demarcation between the two groups. 

The influence of cobra venom and opium alkaloids on behavior of 
fish. David I. jMacht and Elizabeth C. Spencer (by invitation). 
Pharmacological Research Laboratory, Hynson, Westcoit & Dunning, 
Inc., Baltimore, il/d. (Read b 3 ’- title.) 

Inasmuch as the analgesia and the effect of cobra venom on the behaidor 
of rats in the maze do not run parallel in contrast to the action of the opium 
alkaloids on the behavior of rats (M. B. IMacht. Proc. Soc. Exper. Biol, 
and Med. 42: 436, 1939), the writers determined to stud 3 ’^ the effects of 
these drugs also on fisli. K 3 'mographic records or ichthyograms traced 
b 3 '' goldfish, Carassms auratus (two inches long), placed in solutions of 
cobra venom and various opium alkaloids, respective^, were made b 3 ’’ a 
technique which the senior author has described elsewhere (Macht. 
Ph 3 ^siol. Zool. 3: 412, 1930). It was found that cobra neurotoxin, even in 
doses of 100 mouse units to 200 cc. of water, effected a primary sedation 
from which the fish gradual^ recovered and after which they exhibited 
considerably greater activity. An experiment of 24 hours’ duration pro- 
duced no deleterious effect whatever. Neither was a solution containing 
100 mouse units of cmde cobra venom in 300 cc. of water toxic for goldfish. 
Morphine, dilaudid and pantopon, on the contrar 3 ’-, definitely depressed 
and killed the fish vdthin 12 hours. Morphine was lethal in concentrations 
of 1:1,500; codeine, in concentrations of 1:2,000; pantopon, in concentra- 
tion of 1:15,000; dilaudid, in concentrations of 1:5,000; and heroin, in 
concentrations of 1 : 12,000. An ichth 3 mmetric comparison of cobra venom 
with two saponins, digitonin, 1:100,000, and saponin, Merck, 1:2,000, 
revealed that the last two were A’^ery toxic for the fish while the venom was 
not. This observation contradicts the view of those German Avriters who 
regard the actwe principles of cobra venom as chemically related to vege- 
table saponins. Phrthermore, quantitative tests on higher animals AA^hich 
the present AAuiters made of both digitonin and saponin, Merck, for some 
indication of analgesic and local anesthetic property also 3 delded negative 
results. 

Pharmacodynamics of para-aminothymol and 2-hydro3r7benzylidene- 
4:-ammothymol. David I. Macht and W. T. Summerfohd (by uiAdta- 
tion). Pharmacological Research Laboratory, Hynson, Westcott & 
Dunning, Inc., Baltimore, Md. (Read by title.) 

These compounds, synthesized b3’^ the junior author Avith a vieAV to 
determining primarily any latent antipyi’etic property they might possess, 
Avere subjected to a general pharmacological examination. Para-amino- 
thymol hydrochloride is soluble in Avater but very unstable at room tem- 
perature. Intrapeiitoneal and subcutaneous injections of doses of 10 
mgm. in mice had little effect. Doses of 0.5 gram per kilogram of rabbit, 
achninistered by stomach tube, were fatal. Smaller doses (0.2 gram) 
in rabbits caused loss in weight and appetite but did not impair kidney or 
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liver functioh. The phytotoxic index of Lwpinus albus seedlings groiim in 
solutions of 1 : 10,000 was 80 per cent. Intravenous injections in cats of 
20 mgm.' per kilo weight depressed the heart and paralj'^zed the respira- 
tion. Even larger doses of the drug produced no antipyresis in either 
normal rabbits or rabbits vdth artificial fever. 

• The compound 2-h3'droxybenz3didene-4-aminothymol is insoluble in 
water and had to be studied either in alcoholic solution or by administra- 
tion per os. Ph3dotoxic index of Lu^imis albus seedlings grown in solu- 
tions of 1:20,000 of this dmg with one per cent alcohol was 67 per cent. 
The lethal dose for rabbits administered bj*^ stomach tube was 0.25 gram 
per kilo weight. Small doses, given orallj^ did not impah kidne}’- or Uvct 
function of rabbits. Hj'-droalcoholic solutions in 5 per cent alcohol in 
saline, administered intravenousl}’’ to cats under ether anesthesia, de- 
pressed circulation and respiration. No antipj’retic effect was observed 
in either the normal or fevered animals. 

The effect of deprivation of substrate on the motility of human 
spermatozoa. John MacLeod (introduced by J. C. Hinsey). De- 
partment of Anatomy, Cornell University Medical College, Neio Yoirk 
City} 

When human speimatozoa are removed from the seminal fluid and sus- 
pended in glucose-free Ringer’s solution at 38°C., motility falls off 
progressive!}’’ until it fails completely at from four to six hours. The 
complete failure of motility is delayed if the speimatozoa are kept at low 
oxygen tensions duiing the period of glucose deprivation. The oxygen 
tension most conducive to prolonged life of the spermatozoa lies between 
2-5 per cent. 

After complete failure of motility due to lack of glucose, recovery of 
motility can be induced by the addition of glucose, fructose, mannose, 
maltose, or glycogen, but no other substrate yet tried is utilized by the 
^ermatozoa for motility. The recovery of motility under these conditions 
is dependent upon the oxygen tension to which the cells have been exposed 
during the period of glucose deprivation. In the range of oxygen tensions 
between 10 per cent and 95 per cent, the failure of motility is virtually 
irreversible though isolated cells may show some recovery. Under 
anaerobic conditions, the recovery is not as complete as that shown when 
the cells have been exposed to oxygen tensions between 2 per cent and 
5 per cent. 

Respiratory responses from stimulation of the medulla of the cat. H. W . 
Magoun and Linds.'VY E. Beaton (by invitation). Institute of Neu- 
rology, Northwestern University Medical School, Chicago, III. 

The respiratory responses elicited by Pitts, Magoun and Ranson (Am. 
J. Physiol. 126 : 673, 1939) on stimulation of the reticular foimation of the 
medulla of the cat, have been reviewed with reference to the voltage of 
stiniulating current, the distribution of reactive areas, and the effect of 
lesions at the point of stimulation. 

It has been found that by increasing the intensity of stimulation wthin 
the range of 1 to 8 volts (8 volts were used in the previous study), the 
number of reactive points was only slightly increased, while the magnitude 


* Supported by a grant from the National Committee on Maternal Health. 
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of responses from points reactive to threshold stimuli became progressively 
augmented. With 300/sec. condenser discharges, the threshold for inspira- 
tory responses was 1 to 2 volts, that for expiratory reactions 3 to 4 volts. 
Similar thresholds were found using 60/sec. sine waves. 

The presence of a dorsal zone from wliich expiratory reactions were 
obtained and a ventral zone from which inspiratory reactions were elicited, 
within the hmits defined Pitts, Magoun and Ranson, has been re- 
peatedly confirmed. 

^*ariable results were obtained b}'^ repeating stimuli in the early minutes 
after producing lesions around the point of stimulation. These are at- 
tributed in part at least, to the balance struck between two opposing 
factors: a transient depression of excitability of tissue around the lesion, 
and a transient fall of resistance %vithin the lesion as compared with that of 
normal brain tissue. In a number of instances a steady state developed 
within 10 to 15 minutes in which responses were severely impaired or 
abohshed to stimuli below 3 to 5 volts, applied within lesions of less than 1 
mm. radius, while less impaired reactions were obtained with greater 
intensities. Further studj'^ of this procedure should be made before using 
it as a simple test of current spread. 

These results do not support the view (J. M. Brookhart, Am. J. Physiol. 
129: 709, 1940) that the respirator}" responses in question are dependent 
upon the activation of large indiscriminately situated regions of the medulla 
by widely spreading stimuli, but indicate on the contrary, definite areas 
responsive to locally acting excitation. 

The effect of smoking upon respiration. R. J. Main and J. H. Weatherby 

(by invitation). Department of Physiology and Pharmacology, Medical 

College of Virginia, Richmond, 

When studying human respiration and related physiologic functions, it 
is necessaiy to know for how long the pharmacologic effects of a cigarette 
persist, in order to interdict the subjects from smoking for at least that 
period of time beforehand. In our first attempt to study this effect, we 
utiUzed a large rubber bag over chest and abdomen connected to a 
spirometer, which gives a semi-quantitative value of pulmonary ventila- 
tion. Although this method indicated a slight increase immediately follow- 
ing smoking, the values may have been within experimental error. 

Consequently alveolar CO 2 determinations were made at frequent inter- 
vals before and after smoking, along with blood pressure and pulse rate. 
An attempt was made to standardize the smoking technic which tended, if 
anything, to emphasize the effects. The results indicate that there is a 
distinct depression of alveolar CO 2 tension immediately after smoking a 
cigarette, but that it returns to approximate!}" normal witliin ten minutes. 
Since the effect of a cigarette upon the circulatory system lasts from one- 
half hour to one hour or more, it seems probable that by the time the blood 
pressure and pulse return to noimal, the effect on respiration has long since 
disappeared. However, since it does require such a considerable time for 
the circulation to return to normal, it would appear advisable that smoking 
be routinely prohibited for two hours previous to beginning a physiologic 
experiment. 

The stimulating effect of smoking upon resphation is probably due di- 
rectly to a pharmacologic agent in the smoke, such as nicotine, rather than 
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to any possible secondaiy effect of the increased blood pressure, since 
certain vasopressor drugs have no effect upon alveolar CO 2 . This agent 
might stimulate the carotid bodj^ or affect the respirator}^ center by the 
production of cerebral ischemia through vasoconstriction. 

Electrolyte changes in traumatic shock. J. F. Manery and D. Y. 
SoLANDT. Departments of Biochemistry and Physiology, Univei'sity 
of Toronto, Toronto, Canada. 

Thigh muscles of 35 dogs were ti-aumatized b}^ administering man}- light 
blows with a rubber mallet. Shock, often accompanied by considerable 
haemorrhage, usually developed in 3 to 17 hours folloA\Tng this procedure. 
Ether anaesthesia was used during the traumatization. Blood samples 
were taken from the external jugular vein in a preanaesthetic period and 
at intervals until death ensued. Tcnninal samples ivere obtained from the 
carotid arteiy and the heart. 

The changes in the red cell volume, the weight of 1 ml. of plasma, and 
the water content and chloride concentration of the plasma were small; 
in some cases there was an indication of dilution. The plasma potassium 
changes were larger. In the 1 1 cases when teiminal samples were obtainec^ 
plasma from the carotid artery showed increases ranging from 18 to 127 
per cent; blood from the heart showed liigher values. It is a question 
whether this increase is the cause or the result of the fall in blood pressure. 
The plasma potassium of samples taken midway between trauma and death 
were variable, although in general a rise was found. Muscle analyses 
showed that only those severely injured lost an appreciable amount of 
potassium. The role of these tissues as a source of the increased plasma 
potassium will be discussed. 

The effect of chemical agents on the “local response” of large single 
crustacean axons. George Marmont (introduced b}’’ K. S. Cole). 
Wm. G. K'erckhoff Laboratories, California Institute of Technology, 
Pasadena. 

The local electrical response from isolated, large (80 .to 100 ji), single 
axons, mainl}’- those of the rock lobster, Panulirus, was studied. The 
fibers were held by platinum electrodes immersed in mineral oil, after 
Hodgkin’s method. The preparation was treated with the various chemical 
agents by running a drop suspended from a pipette along the desired 
region of the fiber. 

It was possible to materially raise the threshold of or abolish the prop- 
agated response, and therefore the action potential, while still obtaining 
a large local response, by treating the axon vdth one of the folloiving 
solutions in sea water: IvCl, 0.4 per cent; CaCb, 0.7 per cent; MgCh, 
0.3 per cent; cocaine, 1,0 per cent; and veratrine, one part in one million. 
The local response from potassium treated fibers was larger than that from 
untreated ones, for the same stimulus strength. However, the local re- 
sponse disappeared reversibly upon washing the fiber vdth iso-osmotic 
KCl. With calcium and magnesium treatment, the subliminal response 
was smaller than normal. Because the local response was not masked by 
the action potential, stronger stimulating shocks could be given. A 
saturated yohimbine solution in sea water also prevented masking of the 
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local response, since the refractory period of the action potential was 
increased to more than a second while that of the local response was little 
affected. 

The effect of stimulus strength and the spacial spread of the larger, 
unmasked local response made possible by treating the axon ivith potas- 
sium, were studied. With adequate stimulus a response of 5 to 10 mv. 
was obtained several mm. from the cathode. It was found that at any 
one point along the fiber the latent period of the response tended to remain 
constant with increasing stimulus. The latent periq^ increased with 
distance from the cathode but the recovery curves of the local potential 
at all active points coincided. 

The ionic permeability (electrical conductance) of the sensitized nictitating 

membrane of the cat. Rose M.4.rrazzi^ and Amedeo S. Marrazzi 
' (introduced by G. B. Wallace). Depart^nent of Pharmacology, New 
York University College of Medicine, New York City. 

The nature of the changes responsible for the manifold increase in re- 
sponsiveness of denervated tissues to agents introduced into the blood 
stream is unknoivn. Suggested explanations have fallen into two groups. 
The first postulates changes only after the exciting agent has reached its 
site of action; e.g., that once there its greater effectiveness is due to the 
presence (accumulated during disuse) of an increased quantity of some 
complimentary substance essential to its action, or that the greater response 
is due to a deficit of a substance (such as a destructive enzyme) normally 
limiting the action of exciting agents. The second group attributes the 
sensitivity to an easier access of the exciting agent into the cell, because of 
an increased permeability of the cell membrane. 

For the cat nictitating membrane the only basis for the theory of in- 
creased permeabilit}’’ is the so-called non-specificity of sensitization, since 
it is observed not only to adrenaline but also to other substances including 
and Ca++. The hjqiothesis then rests on its applicability to all exciting 
agents including ions. Since the ionic permeability of a tissue may be 
measured b 3 ’' determining its electrical conductance, or the ease vdth which 
a weak, non-stimulating current traverses it, the hj’^pothesis is susceptible 
to du-ect test. This was done without necessarily subscribing to the 
postulate that an agent need traverse the cell membrane to exert its action. 
The transverse conductance of the isolated muscle of the nictating mem- 
brane sensitized b}'' denervation was compared to that of the normal mem- 
brane of the other, control eye in a series of cats. 

The muscles were removed to a moist chamber immersed in a constant 
temperature bath and the transverse conductance measured at 1,000 
cycles with a Wheatstone bridge utilizing a parallel capacity, and an 
amplifier in the detector circuit. 

The conductance of the sensitized muscles was not consistently higher 
or lower than that of the controls in the same animals. Electrical measure- 
ment does not support the concept that the ionic permeabiUty of the 
sensitized smooth muscle of the cat's nictitating membrane must be in- 
creased. In view of these results impedance measurements have not been 
extended through a range of frequencies at this time. 

^ Christian A. Herter Fellow. 
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Modification of the flux equilibrium for bioelectromotive force in the frog’s 
skin. Gordon jMarsh and Loren Carlson (introduced by J. H. 
Bodine). Department of Zoology, State University of Iowa, Iowa City. 
Hydrogen peroxide increases the E.M.F. of frog skin above the values 
obtained in ox 3 ^genated Ringer. The fonn of the curve of the E.jM.F. 
plotted against peroxide concentration is roughl}' bell-shaped. This cor- 
responds to the expectation for an oxidation-reduction system at flux 
equilibrium as the source of the electrical energj’' as originallj'' formulated 
bj'’ Lund. The effect of peroxide is partial^ inhibited by ej'^anide as it 
should be if the former is operating through an iron catalyst. A measurable 
antagonism exists between the two in the effect upon the potential; e.g., 
3 X 10“^ M C 3 ’'anide reduced the potential to 41 per cent of the value in 
oxygenated Ringer’s solution, whereas the same concentration in the 
presence of 1 X 10“^ M H 2 O 2 reduced it to 58.5 per cent. No such antag- 
onism could be demonstrated with eth 3 d urethan, the depression produced 
b 3 ’' 0.32 M urethan being practicall 3 '- the same in the presence and in the 
absence of the peroxide. This is to be expected if urethan inhibits a 
dehydrogenase complex in the skin. 

Under the conditions existing in the skin in ox 3 ’'genated Ringer where the 
overall velocit 3 ’’ of the respiratory process is limited b 3 ’’ either the mobiliza- 
tion of oxygen or the activit 3 " of some intermediate carrier, the addition of 
oxidizable substrate in the form of p 3 a'uvate (0.001 M) produces no change 
in the normal potential difference across the skin. The addition of P 3 TU- 
vate in the presence of hydrogen peroxide, (8 X 10“® M) however, results 
in an increase in potential (48 per cent) above that which is produced b 3 ’’the 
peroxide alone (26 per cent). An analogous effect of pyruvate was found 
at high concentrations of peroxide which normall 3 '’ depress the stead 3 ' 
E.M.F. below that found in ox 3 ’'genated Ringer, pyruvate preventing or 
reducing the depression. The increase in E.M.F. on increasing the con- 
centration of available oxidizable substrate verifies a specific prediction 
from the flux equilibrium concept. 

Relation of the excitability cycle of the geniculate-striate system to certain 
problems of monocular and binocular vision. W. H. Marshall and 
S. A. Talbot. Laboratory of Physiological Optics, Wilmer Ophthal- 
mological Institute, Johns Hopkins University, Baltimore, Md. (Read 
by title.) . , • 1 

The punctate organization of the primaiy projection s3'stem, m wlucii 
a wide range of reciprocal overlap occurs through an ascending series of 
synapses, provides a cortical "mosaic” which is finer grained than the 
retinal mosaic. Ph3’^siologicall3'- the operation must be dynamic, governed 
by at least three essential variables: eye movements (ph3’-siological n3'sta^ 
raus), modulation of cortical reactions by “spontaneous” activit3’’, and 
cycles of excitabilit3’' within the primary projection S3’^stem. 

We have observed the latter factor in the geniculate-striate S3'^stem m 
cats and monkeys under ehloralose and nembutal anesthesia of such depth 
that spontaneous activity and random variations in response of the optic 
nerve to electric stimulus did not embarrass amplitude measurement. 
The conditioning and test-shocks were applied over repeated C3'’cles under 
conditions of equilibration. The C 3 mle frequcnc3’^ of h to 5 per second 
somewhat replaces the scanning effect of ph3'siological n3^stagmus, since 
components of e3'e movements range from 1 to 50 per sec. 
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These data from the cat consistentl 3 ’’ show a iihase of supernormality 
lasting about 20 msec., followed by a phase of subnormahty wliich peaks 
at about 50-70 msec. During the supernormal phase spacial recruitment 
occurs at each sjmapse, giving favorable conditions for spacial summation 
by means of cascade amplification tlwough various S 3 maptic levels. The 
final pealdng effect mil be greatest where reciprocal overlap is most com- 
plete, promding a mechanism for line integration and contour perception 
which latter in image dimensions approximates cone .diameter. 

During the supernormal phase spacial summation is at a maximum, 
providing for line integration; converseb'’ during the subnonnal phase 
spacial recruitment is at a minimum and the channeling of impulses is in a 
cfirection to give the retinall 3 ’' hmited case for two point discrimination, of 
approximatel 3 * one cone diameter. 

These factors appty equalb’- well to binocular Ausion, in which similar 
interaction C 3 ’'cles are found in the cat and probabl 3 ' are also present in the 
monke 3 '^; though in the latter animal we have not 3 'et separated a super- 
normal from the subnormal phase. 

The relationship between basal metabolism and summated tissue respira- 
tion in the dog. A. W. Martin and F. A. Fuhrman (introduced b3^ 
J. Field, 2d). Department of Zoology and Physiology and Department 
of Pharmacology, University of Washington, Seattle. 

It has long been Imonm that in a series of homeothernis the resting 
metabolism varies inversel 3 ’' with bod 3 ’’ size. In 1925, Terroine and Roche 
(Arch, intern, do ph 3 ’’siol. 24: 356, 1925) and Grafe, Reinwein and Singer 
(Biochem. Ztschr. 166 : 102, 1925) reported that the respnation of homol- 
ogous tissues in vitro was veiy nearl 3 ’’ constant. According to then work, 
in animals larger than the mouse, summated tissue respiration should 
exceed resting metabolism, in the rat b 3 '^ about two-fold, in the dog ly five- 
fold. 

In 1939 tliis h3q3othesis was tested for the rat b 3 ’’ Field, Belduig and 
Martin (J. Cell, and Comp. Ph 3 'siol. 14: 143, 1939). It was found that 
summated tissue respiration was less rather than greater than resting 
metabolism in this form, and that summated tissue respnation plus a 
reasponable allowance for minimal functional activit 3 ’ would account for 
the resting metabolism. 

However it Avas clearty desirable to examine these relations in other 
forms. T his Ave haA'^e noAv done for the dog. In the aA’^erage dog in our 
series (19 animals) summated tissue respiration (extrapolated to the time 
of death of the animal) aauII account for 79 per cent of the resting 
metabolism, while at the time of beginning the measurement of respiration 
summated tissue resphation amounted to 72 per cent of the resting metab- 
olism. These tAVO values agree rather Avell Avith that of Barcroft (Ergebn. 
d. Physiol. 7: 699, 1908), • which AA^as 82 per cent (organs perfused in situ). 

When A’^alues of resting metabolism of the rat and the dog are compared 
on a unit Aveight basis, using the data of Field et al.iov the former and ours 
for the latter, the ratio is about 3:1. A similar comparison for excised 
tissue yields a ratio of about 2.8:1. Thus it appears that in the dog, as 
in the rat, resting metabolism can be accounted for b 3 ’^ summated tissue 
respiration and minimal functional actmt 3 ". 
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The effect of cyanide upon the viability of embryos and adults. Rose- 
mary D. C. Martin (by invitation) and Kenneth C. Fisher. De- 
pariment of Biology, University of Toronto, Toronto, Canada, and the 
Marine Biological Laboratory, Woods Hole, Mass. 

As indicated by the abilitj”- to -withstand relativel}’- short immeraions in 
0.001 M cj’-anide embryos of squid, salmon, trout and frog become in- 
creasingly sensitive to “anaerobiosis” as development proceeds. The 
over-all change in sensitivity from egg to adult is most marked in the squid 
and least so in the frog. In all the forms studied, however, the inhibition 
of respiration by N/1000 NaCN is high and more or less constant through- 
out development. 

In spite of the capacity for anaerobic glycol 3 ^sis commonly possessed 
by embiyonic tissue, it appeara likely that the basis of sensitivity to cyanide 
(and hence to oxygen lack) is phj^siological rather than chemical, and 
closely bound up with the factor of general organization. 

In the light of available evidence regarding the abilitj’’ of lower organisms 
to withstand anaerobiosis, the present findings maj' be thought to be 
indicative of physiological recapitulation. 

The distribution of vitamin E in organs and tissues of the rat. Karl E. 
Mason. Departments of Anatomy, Vanderhilt University School of 
Medicine, Nashville, Tenn., and The University of Rochester, School of 
Medicine and Dentistry, Rochester, N. Y. (Read by title.) 

More than 300 bio-assay tests have been carried out to determine the 
vitamin E content of various tissues of 1, low E rats, reared on a stock diet 
providing 3 to 5 times the minimal dailj’- requirement of ^dtamin E, and 
of 2, high-E rats, fed a diet containing about 96 per cent fresh raw wheat 
germ for 2 to 4 months. Tissues were fed in a fresh or frozen state to 
sterile E-deficient primiparous females during the fii'st 10 days of preg- 
nancy, and the response determined by autopsj’^ or by laparotomj'^ on the 
16th day of pregnancjL 

The ratio between the number of grams of fresh tissue from low-E and 
from high-E rats, respectively, requii'ed to give a positive response in 
about 50 per cent of bio-assay tests has been estimated to be approximately 
as follows ; liver 110:8; muscle 65:17; kidney’- 60:13; body fat 50 : 17 ; heart 
40:10; lung 35:8; testis > 60:15; epididjmis > 40:12; newborn 225:50. 
These data indicate that, except in the liver, the storage of vitamin E in 
the tissues increased onty 3 to 5 times following wheat germ feeding. 
Placenta and uteras from high-E rats proved to Ije as potent as heart and 
• lung, respectivety, and mammaiy gland twice as potent as liver tissue. 
Less complete data indicate that the spleen, prostate, pancreas and thjmius 
also contain appreciable amounts of the vitamin. As much as 80 grams 
of blood, and 46 grams of brain and spinal cord, from high-E rats gave no 
response. 

The importance of the pressor receptor nerves in the vasomotor response 
to gravity.^ H. S. Mayerson. Laboratory of Physiology, School of 
Medicine, Ttilane University of Louisiana, New Orleans. 

Dogs, anesthetized with Na barbital or chloralose, were tilted from the 

‘ .'Vided by a grant from the David Trautinan Schwartz Ile.search Fund of Tulano 
University School of Medicine. 
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horizontal to the upright, feet down, position. With the change in posi- 
tion there was a sharp drop in intrafemoral and intracarotid blood pressure 
followed irithin 10 seconds by a compensatory rise of var 3 dng degree. The 
intrafemoral pressure usually remained from 6 to 20. mm. Hg above the 
control horizontal level tlwough the F.D. (feet down) period while the 
intracarotid pressure remained from 10 to 40 mm. Hg below this level. 
Control observations vith the animal in the horizontal position showed 
no significant blood pressure differences in the two arteries. In the F.D. 
position the differences were roughl}’^ equivalent to the distances of the 
puncture points from heart level. On return of the animal to the hori- 
zontal position there was usually an immediate rise of from 5 to 40 mm. 
Hg followed vfithin a few seconds by a 5 to 15 mm. Hg dip below and subse- 
quent recovery to the control level. 

Deneiwation of the carotid sinuses or cutting the vagi, thus ehminating 
the two aortic nerves, uniforml 3 ' diminished the animal’s abihty to com- 
pensate for gravit 3 ^ The secondaiy rise in pressure in the F.D. period 
as well as the rise after the return to the horizontal position were smaller. 
In some cases compensation failed during the F.D. position. Elimination 
of both pressor receptor mechanisms resulted in complete absence of 
compensation and in man 3 ^ cases in a drop in pressure to shock levels from 
which recover 3 ’^ was slight. The importance of the pressor receptor nerves 
in the compensatory response was strikingl 3 ’- illustrated by the changes in 
intrafemoral pressure. The h 3 '’drostatic component present before de- 
neiwation disappeared and the values in the F.D. position were 30 to 60 
per cent lower than the control levels. 

The storage of the major liver components. J. J. McBride (b 3 '- invita- 
tion), M. M. Guest (by invitation) and E. L. Scott. Departme7it of 

Physiology, College of Physicians and Snrgeons, Columbia University, 

New York City. 

A number of workers have shovm that water storage in the liver accom- 
panies gl 3 W 0 gen deposition. The 3 ^ have assumed that the weight of the 
non-glycogen sohds remained constant while the liver water and glycogen 
varied. This assumption is untenable. The data of MacKa 3 '- and Berg- 
man were recalculated and interpreted to indicate that during glycogenesis 
induced by feeding pure glucose there is a deposition of as much as 32 per 
cent of unidentified non-glycogen solids. 

In our work the liver weights of male rats of the same age were adjusted 
to a uniform initial bod3'^ weight. The content of non-glycogen solids in 
each experimental group Avas multiplied b3'^ the ratio of non-glycogen sohds 
to water in the control (zero gl3wogen) animals and the product subtracted 
from the total Avater, yielding the AA^ater associated Avith gtycogen. “Ap- 
parent” ratios of glycogen to water were thus established. It is shoAvn 
that these “apparent” ratios vaiy Avith a change in the non-glycogen solids 
and that there is a coiTelation between a low “apparent” ratio and a Ioav 
percentage of hA'^er AA'ater. This correlation can be accounted for in rats 
fed a stock diet b3' our ifinding that gl3’'cogenesis is accompanied b3’^ an 
increase of liver fat. 

''t^Tien there is no change in the non-glycogen sohds of the liver each 
gram of glycogen deposited is accompanied b 3 ’- approximately 2.7 grams 
of water. 
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Theoretical considerations indicate that this water may be held in 
hj^drate formation. 

A comparison of bone ash, modified line test, and radiographic methods 
for the evaluation of the results of chicken vitamin D assay. Evan W. 
McChesney (by invitation), Edmund Hombueger (by invitation), 
and Da^ud R. Climenko. Research Laboratories, Winthrop Chemical 
Company, Inc., Rensselaer, N. Y. 

It is shown for a typical chicken vitamin D assa3’- that the standard 
bone ash method, the modified line test of McChesnej’^ and Homburger, 
and the radiographic technique of Olsson all lead to substantiallj'’ the same 
results for the potency of the preparations tested. The bone ash method 
has an important advantage over the other two methods in that there is 
no question of personal judgement involved in the evaluation; however, 
it is veiy tedious and time-consuming, and not infrequently the correla- 
tion between the bone ash values and the degree of protection from, or 
cure of, rachitis is unsatisfactoiy. The radiographic method of evaluation 
has the advantage of rapidity and the fact that no special preparation of 
the tissue is required. The modified line test has the dual advantage that 
it is rapid and that it requires no special equipment. The evaluation is, 
however, based on less clear-cut criteria than those which have been set up 
for the standard rat line test. 

Locus and nature of crossed inhibition in the spinal monkey, Grayson 
P. McCouch, Joseph Hughes and Winifred B. Stew-yrt (by invita- 
tion). Department of Physiology, University of Pennsylvania Medical 
School, and the Institute of the Pennsylvania Hpspital, Philadelphia. 

In spinal cats and dogs crossed inhibition of the ipsilateral flexor reflex 
is associated with inhibition of the intemuncial cord potential of similar 
degree. In the spinal macaque monke\% on the other hand, a crossed 
afferent vollej^ confined to alpha, beta, and gamma fibers may markedly 
inhibit the reflex without modifying the intemuncial potential. Stronger 
crossed stimuli may^ reduce the intemuncial potential to lesser or equal 
degree than the reduction of the reflex response. With suitable grading 
of inhibitory^ and excitatory volleys, the crossed component of the inter- 
nuncial potential from the excitatory volley proves to be more susceptible 
to inhibition than the ipsilateral component. 

The case in which reflex inhibition occurs -without demonstrable change 
in intemuncial potential is of interest in relation to current theories of 
inhibition. Such theories may be divided into those which refer the 
reduction in irritability' to immediately preceding response of the same 
units and those which invoke specific inhibitory endings. If absence of 
demonstrable change in the intermediary'^ cord potential be accepted as 
evidence that excitatory' drive upon the motoneurons is not essentially' 
altered, then it implies that inlxibition has occurred in them in the absence 
of immediately preceding activity'. 

The mechanism of morphine miosis. F. D. McCrea, G. S. Eadie and 
J. E. Morg.an (by' invitation). Department of Physiology and Pharma- 
cology, Duke University School of Medicine, Durham, N. C. 

Morphine inhibits the activity of choline esterase in brain tissue and 
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blood serum iu vitro, Bernheim and Bernheim (1936) and blood serum in 
vitro, Eadie (1941). This inhibition ivould result in an increased and 
prolonged response to stimuli. It thus seemed possible that moi-phine 
miosis might be an exaggeration of the normal light reflex due to this 
mechanism. 

Dogs were anesthetized vdth morphine and ether, the left optic nerve 
cut behind the eye ball, avoiding, so far as possible, autonomic nerve 
injury. After recovery the pupillaiy responses to light of varying intensity 
were tested before and after doses of morphine 4,5 to 10.0 mgm. per kilo- 
gram. Both manual measurements and photo flash photographs were 
made at 7-10 day intervals for 2-4 months. Standard conditions were 
maintained in each trial. Unoperated controls were tested in the same 
waj'’ as operated animals. 

No miosis was ehcitable upon illumination of the operated pupils. At 
rest the operated pupil was usually slightly larger, (average 1 mm.) than 
that of the normal eye. After morphine in both series of animals, the 
pupils, both noimal and operated, were moderately constiicted in room 
light and further constricted in light of maximum intensit3’' (standard 
opthalmoscope) but only occasionallj’’ became pin point for more than a 
few seconds in maximum light. ■»’ 

Miosis resulting from a given intensity of light was greater with the 
larger doses of morphine, and progressively increased with increased hght 
intensity. The degree of constriction in the operated eye was slightty less 
(average 0.8 mm.) than that of the normal 03^0 with a given hght intensity. 
Covering the normal eye to exclude room light for periods of 5 minutes 
both before and after morphine resulted in some m3"di-iasis in the operated 
e3’'e (average 1.5 mm.). However after moiphme the dilation never 
equaled that of the same non morphinized animal in hght of the same 
intensity. 

We conclude that the chief action of moiphine is to exaggerate the effect 
of the normal light reflex, though the evidence does not exclude a veiy 
small direct central oculomotor stimulation. 

Fxmctional organization and interrelation of cerebral hemispheres in 
monkey.^ Warren S. McCulloch and Hugh W. Carol (by invita- 
tion). Laboratory of Neurophysiology, Yale University, School of 
Medicine, New Haven, Conn. 

By local strychninization of one hemisphere of the monkey (Macaca 
mulatto) and recording electrical activity of both, the map of functional 
organization has been extended and the directed functional interrelations 
of the two hemispheres have been explored. 

The new map of functional organization shows that the sensoiy cortex 
consists of the following physiologically distinct areas: 6, 4s, 4, 1, 2s, and 
a region behind 2 consisting of 5 and 7. Anterior to these lies 8s and poste- 
rior, area 19s, strychninizations whereof produced suppression of electrical 
activity of the cortex like that obtained from 4s and from the postcentral 
suppressor strip which is C3doarchitectonicall3’' area 2. 

An occipital area was found to “fire” into a narrow strip bordering the 
sulcus interparietalis. 

Areas 9 and 18 have significant callosal projections; areas 8s, 4s, 1, 2s, 

* Aided by a grant from the Fluid Research Funds of the Yale School of Medicine. 
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and 19s lack them; the remaining areas of the frontal and parietal lobes 
^ve rise to them as follows: 1, from 6 to 6, 4 and the postcentral convolu- 
tion; 2, from 4 to s^mimetrical foci and onlj” from the junction of A and L4 
and from F4; 3, from 7 to s 3 Tnmetrical foci and at least to 5 and 2s; 4, from 
5 to_ sj^mmetrical foci and to 6, 4, 1 and 2s. These confirm Curtis’s con- 
clusions except for differences ivhich ma}' be attributable to lack of spec- 
ificit 3 * of direction in the case of electrical stimulation. 

Finall 3 ’’, suppression of electrical activit 3 ^ of the cortex from stiychnin- 
ization of 8s, 4s, 2s or 19s is alwa 3 ’^s bilateral. 

The effect of diphtheria toxicosis on cardiac reserve. C. H. McDonald. 
Department of Physiology and Pharmacology, University of Arkansas 
School of Medicine, Little Rock. 

Dramatic failure of the cardiovascular s 3 ’^stem sometimes terminates a 
case of diphtheria toxicosis. This failure ma 3 ’^ occur vdthout warning late 
in the course of a convalescence which appears to be progressing well. 
ll\Tiether this failure is due to the heart or the peripheral vessels has been 
argued. Autops 3 ’^ usually shows surprisingh" little pathological change 
in the heart. 

We attempted to estimate the cardiac reserve in the hearts of dogs made 
acutel 3 '’ ill by the injection of diphtheria toxin. With the coronary and 
cranial circulation left intact in some cases and onl 3 ’’ the coronary circula- 
tion left in others, we caused the hearts of such dogs to beat against a 
raised resistance b 3 ’' occluding the thoracic aorta. Comparison of the 
abilit 3 ^ of these hearts to meet such an added load and to recover from 
repeated additions of such loads vdth that of the hearts of untreated dogs 
was made. These hearts appeared able to withstand such strains equall 3 ’: 
well Avith untreated hearts. We again encountered numerous cases of 
complete ventricular arrest reflexl 3 ’^ induced in this series of experiments, 
confirming our observations described in a paper now in press. 

Student apparatus for teaching physiology. A. R. McIntyre, A. L. 
Bennett (b 3 " invitation) and J.'C. Burke (by invitation). Department 
of Physiology and Pharmacology, University of Nebraska College of 
Medicine, Omaha. (Demonstration.) 

The apparatus presented consists of: 1, a new t 3 Tie long paper 
k 3 mograph; 2, stimulating box and signal magnets; 3, ether bottle. 

All of this equipment was made in the department of Ph 3 ’^siology and 
Phannacolog 3 ', Universit 3 ^ of Nebraska College of Medicine, and we believe 
has certain advantageous features not ordinarih’ found in student appa- 
ratus. 

Plethysmographic determination of capillary blood pressure in man. 
Charles E. McLennan' (b 3 ’^ invitation), IM.^-rgaret T. McLennan 
(b 3 ' invitation) and Eugene M. Landis. Department of Internal 
Medicine, University of Virginia, Charlottesville. 

Capillar 3 ' blood pre.ssurc determinations in man have so far been limited 
to the skin, and usuall 3 ' to the nail fold where the proximit\’^ of arteno- 


* Commonwealth Fund Fellow. 
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venous anastomoses nia}' alter even direct readings. Because the total 
volume of the capillary vessels in a segment of tissue is much greater than 
the volume of the other portions of the vascular tree in the same segment, 
it seemed possible that the average pressure in the capillaiy vessels of 
muscle and skin might be determined plethysmographically by measuring 
the external pressure required to produce the greatest decrease in the 
vascular volume of a segment of the forearm. 

The pressure plethysmograph already'- described (Landis and Gibbon, 
J. Clin. Investigation 12 : 105, 1933) was used to apply pressures of 5 to 
90 mm. Hg to the surface of a segment of the forearm. The vascular 
volume at each pressure was determined by measuring change in volume 
produced by a, sudden compression of the brachial artery, and b, by sudden 
release of the brachial arteiy after prior compression. Plotting vascular 
volume against the applied external pressure 5 delded for each subject a 
pressure-volume curve, the summit of which was taken to indicate a^’^erage 
capillary blood jDressure in the tissues of the forearm. 

Pleth 3 ’'smographic capillaiy blood pressures of 20 normal subjects b^’’ 
three somewhat different techniques at 34°C. agreed closely Avith average 
values previouslj'^ obtained bj^ the direct micro-injection method (Landis, 
Heart 16: 209, 1930). Capillarj’- blood pressure was elevated bj'’ venous 
congestion, b^’- exercising the muscles of the foreami, or bj’ lowering the 
forearm below heart level. Elevating the extremitj’ or cooling the forearm 
to 14°C. reduced capillaiy blood pressure. Cooling the foreai-m or venous 
congestion reduced the changes in vascular volume conspicuously', whereas 
local heating to 44°C. increased vascular volume somewhat but did not 
elevate capillaiy blood pressure in the forearm. Simple reactive hj'peremia 
produced by 2 to 5 minutes’ interraption of blood flow increased vascular 
volume slightly but did not raise capillaiy blood flow measurably'. 

Preliminary' results of studies on patients AA'ith vascular disorders will be 
described. They' indicate that the method may' be useful in study'ing 
capillaiy blood pressure in clinical conditions. 

A comparison of the basal heat production of identical and fraternal twins. 

W. C. McNelly (introduced by F. A. Hitchcock). Departjnerit of 

Physiology, Miami University, Oxford, 0. 

The O2 consumption of fiA'e pairs of identical twins, two pairs of fraternal 
twins of the same sex, and two yiairs of fraternal twins of different sex was 
measured AA'ith the Benedict-Roth apparatus. All determinations Averc 
made under basal conditions and both members of a pair of tAAins AA'ere 
tested on the same morning. The results AA'ere calculated in terms of 
Calories per square meter of body' surface per hour. The differences be- 
tAA’een the members of a pair of, identical tAA'ins ranged from 0.3 to 0.7 
Calorie per square meter per hour; the aA'erage difference Avas 0.46 ± 0.15 
Calorie per square meter per hour. Four and five determinations respec- 
th'ely' AA’ere made on cnch of the fraternal tAA’ins of the same sex. The 
differences betAA’een the members of the pairs A'aried from 0.8 to 5.5 Calories 
per square meter per hour; the aA'erage difference Avas 3.75 dr 2.44. Three 
tests AA’ere made on each of the fraternal tAA’ins of different sex. The 
differences betAveen members of the pairs ranged from 6.4 to 8.9 Calories 
Ijer square meter per hour; the aA’erage difference aa'rs 7.65 ± 1.25. 
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A study of the functions of the stomach following pyloric, obstruction and 
gastroenterostomy. Jos. i\'Iedofp (by invitation), F. Neuivelt, J. 
Patedjl (bj' invitation) and H. Necheles. Department of Gastro- 
intestinal Research, Michael Reese Hospital, Chicago, III. 

The surgical literature offers ample evidence that gastroenterostomy in 
the human is often followed bj^ gastrojejunal ulcers. If, however, gastro- 
enterostomy’' is performed on subjects with py’-loric stenosis and a low gastric 
acid secretion, the formation of gastrojejunal ulcer is exceedingly rare. 
We have attempted to put this experience to an exiierimental test on dogs. 
These animals were gastrostomized by stainless metal cannulas, and at a 
later date pyloric stenosis (30-90 per cent) was produced by cutting away 
a diamond-shaped segment and closing the opening in a longitudinal direc- 
tion. Subsequently, a gastroenterostomy^ was performed in a great num- 
ber of these animals. Gastric secretion was measured, both basal and 
follovdng the injection of histamine, and the gastric emptying time was 
determined fluoroscopicallyL The emptyung time of the stomach was not 
materially affected by py’-loric stenosis or subsequent gastroenterostomy. 
The secretion of acid was not altered uniformly’^ by’- the above procedures; 
shovdng no change, an elevation, or a decrease in different animals. Gas- 
trojejunal ulcer did not develop in any animal following gastroenterostomy, 
■with or vdthout pydoric stenosis. In a number of dogs a considerable 
degree of atrophy’- of the pancreas was found either follovung pydoric 
stenosis alone, or gastroenterostomy’’ subsequent to the production of 
pyloric stenosis. This was not accompanied by diabetes, but the dogs lost 
weight and could not be maintained in a good nutritional condition. 

Gastroenterostomy in the dog with or irithout pyloric stenosis cannot 
be relied upon to produce more rapid emptydng time or a reduced gastric 
secretion of acid. 

The effect of experimental hydronephrosis on the arterial blood pressure.^ 
R. S. Megibow (by’ invitation) and L. N. Katz. Cardiovascular De- 
partment, Michael Reese Hospital, Chicago, III. 

We have shown that following complete or partial occlusion of botli 
ureters, the sy’stemic arterial blood pressure rises to hyqiertensive levels 
in the majority’ of the experimental animals; when occlusion is complete 
or almost complete hyqiertension persists until death in uremia, but when 
occlusion is slight only transient hy’pertension results. 

To investigate the mechanism of such arterial pressure elevation more 
completely’ and in an attempt to produce chronic hypertension such as 
has been reported to occur in some cases of human hydronephrosis, the 
effects of the following additional procedures have been studied, a, uni- 
lateral hy’dronephrosis; h, unilateral hydronephrosis and contralateral 
nephrectomy’; c, unilateral hy’dronephrosis and contralateral renal ischemia, 
and d, unilateral hy’dronephrosis and contralateral renal ischemia followed 
by’ removal of the ischemic kidney’. As in our previous study, trained dogs 
were employ’cd, the blood pressure being obtained by the Hamilton ma- 
nometer. Hydronephrosis was produced either by’ partial occlusion of the 
ureter with a Goldblatt clamp or by ureteral-vein anastomosis. 

We have been unable to produce chronic hypertension by’ uncomplicated 
hydronephrosis. However when unilateral hy’dronephrosis is combined 

* .*\idc(i bj’ tlie D. Nast Fund for Cardiac Roscarcli. 
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with contralateral renal ischemia, one of three results were obtained, 
namety, 1 , aggravation of pre-existing hypertension; 2 , crystallization of a 
fluctuating into a permanent h3Tpertension, and 3 , the appearance of hyper- 
tension previousl}’- not existent. The changes in blood pressure appear to 
depend upon two factors consequent to the ly^dronephrotic process, a, a 
decrease in renal blood flow secondaiy to the increase in intraureteral 
pressure and presumablj’’ in intratubular pressure, and h, a decrease in the 
amount of normal renal tissue with consequent increase in the ratio of 
ischemic to normal kidne3^ tissue. 

The “leaping” phenomenon: a sign of striatal damage.* Feed A. Met- 
TLER and Cecilia C. Mettler (b3'^ invitation). Department of Artat- 
omy, University of Georgia School of Medicine. (Motion picture 
demonstration.) 

The effects following removal of the frontal cortex have been extensively 
studied. Among these effects the loss of the hopping and placing reactions 
is significant. If, in addition to the cortex, significant portions of the 
striatum are removed there is added to the familiar behavior pattern a 
definite increase in spontaneous activit3^ This motor release requhes a 
few’ da3’s to develop but endures for a long period of time. Shortb’ after 
operation, cats sustaining striatal injuries also display a distinctive “leap- 
ing” phenomenon -which ma3’ be elicited by holding the animal erect, upon 
its hind legs, and pushing dowm gentl3’- upon the shoulder girdle w’hereupon 
the animal throw’s the forefeet into eirtension and springs into the air. 
This phenomenon is a reliable indication of striatal injur3’ and is part of a 
general tendency on the part of animals of this t 3 T 3 e to resist all forms of 
impressed movements or to fight resistance of any kind. These reactions 
are not the result of vestibular stimulation and, indeed, reactivity to 
stimuli of such an origin is reduced though not absent. After striatal 
injury there is also a relative increase in movements of a slow’ and auto- 
matic type. These are vagueb’ reminiscent of atlietoid movements but 
are better formed and not so fragmentaty. 

Influence of blood extracts from normal, goitrous and diabetic persons on 
the heart rate of the thyroidectomized rat. Arthur E. Meyer and 
Edgar A. Ferguson (introduced b3’- Samuel R. M. Reynolds). Re- 
search Laboratory of The Maliine Company and Metabolic Laboratory 
of Kings County Hospital, Brooklyn, N. Y. 

It has been shown in previous w'ork that fresh thyroid glands, fed to 
thyroidectomized rats, stimulate the metabolism and heart rate to a 
variable degree. In feeding quantities equivalent in metabolic effect, the 
action on the heart was low’ in normal glands from humans and animals, 
and in the th3’i’oid from a non-iodized patient w’ith Graves’ disease. It 
was high in glands from iodized toxic goiter patients. 

lodinization of rats and rabbits caused in their thyroids an accumulation 
of that hypothetic substance responsible for the increase in heart rate in 
thyroidectomized rats. It w’as assumed that the iodinization causes a 
retention in the gland of a substance otherwise released into circulation. 
In this case the heart stimulating substance should be found in the blood 

> Financial assistance from the John and Mary R. Marlde Foundation is gratefullj^ 
acknowledged. 
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at a concentration inverse to its presence in the thyroid. The faculty to 
stimulate the heart is removed from thyroid material by repeated extrac- 
tion -with alcohol. 

Therefore, blood samples from various subjects were dried in warm air 
and extracted in a Soxhlet apparatus with alcohol. The dried extract was 
suspended in water and fed to the test rats in three portions for three daj’^s. 
Heart beat and metabolism w'ere determined on the fifth day. From 
10-12 cc. of blood were found sufficient for one rat. 

No heart stimulation was obtained vdth the blood of nonnal persons, 
of patients with h 3 TDerthyi’oidism but -without toidc symptoms, and in 
Graves’ disease after iodine treatment. Positive I'esults were observed in 
untreated, fully developed Graves’ disease, and also in one case with t 3 TDical 
toxic sjmiptoms but a metabolic rate of only -}-6. A single case of Graves’ 
disease remained negative. A case of diabetes, intended as a negative 
control, turned out positive in various tests but other diabetic blood samples 
gave negative results. The metabolic rate in all cases was either un- 
changed or only mildlj' influenced. 

The number of cases studied to the present moment is not large enough 
to permit a definite conclusion. 

A method of irradiating circulating blood in -ritro with ultraviolet spectral 
energy; studies of its physiological effects in vivo application in humans. 
G. P. Miley (introduced bj^ R. Beutner). Hahnemann Medical College 
and Ho^ital of Philadelphia, Philadelphia, Pa. 

A description is given of a Knott irradiation chamber, showing how, 
because of its constmction with a baffle plate, labju'inthine sj'stem, en- 
closed in a metallic, quartz-windowed disk, an optimum turbulencj’- is 
obtained and the heretofore insurmountable obstacles encountered in 
u’radiating blood with ultraviolet spectral energy', namely, quartz window 
blood-film foimation, and non-penetrability of this energj’^ below a ^ mm. 
surface lay^er of blood, have been eliminated in idtro. 

The technique of application of this in -vitro method to in vivo work is 
next described, with mention of the source, the wave-length, and the in- 
tensity of the ultraviolet spectral energ}' used, time of exposure to the 
spectral energj", and amount of blood -withdrawn, ex]iosed, and returned 
to circulation — the amount being calculated according to the formula: 
A = KW, where A is the amount of blood exposed (in cubic centimeters), 
K is a constant equivalent to 1.5, and AV is the bod.y weight in pounds. 

A stud}!- is presented of the immediate effects, produced in 119 humans 
bj' in vivo application of this method, on blood pressure, temperature, 
jiulse and re.spiratoi-j’- rates, these individuals initially' haying blood pres- 
sure findings, temperature, pulse and respiratory rates -srithin normal limits. 
No apparent significant changes have been found. 

Studies of the effects of the in \dvo application on the hemoglobin con- 
tent, er 3 i:hroc 3 fle and leucoc 3 'te stmeture and count of the blood of 215 
humans, made 1 to 24 months following initial a])plication of the method 
.show no essential variations, with the exception of an occasional rise m 
hemoglobin content, eiythroc 3 'tc and lcucoc 3 'tc count from below norrnal 
values to normal limits and an occasional drop in abnormally high white 
counts to normal values. 
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Effect of prostigmine and physostigniine on muscular fibrillations. A, T, 
Milhorat and T. P. Almy (by invitation). Departments of Medicine 
and Psychiatry, Cornell University Medical College, New York City. 
Prostigmine and physostigmine were administered to patients with 
chronic progressive poliomjmlitis in amounts that decreased the choline- 
esterase activity of the serum to similar levels in comparable experiments. 
Significant increase in muscular fibrillations accompanied only slight 
changes in esterase activity after prostigmine had been given, whereas 
similar changes in esterase level induced b}’- ph 5 "sostigmine were -without 
effect on the fibrillations. When larger doses of the drugs were used 
prostigmine had considerable effect on fibrillations, whereas the effect of 
physostigmine was only moderate. In some patients, prostigmine pro- 
duced fibrillations in muscles in which no adventitious movements pre- 
\dously had been observed. The muscles of such patients showed increased 
sensitivity to prostigmine since fibrillations were produced by amounts of 
drug that had no muscular effects in normal subjects. This phenomenon 
probabl}'^ is useful in determining involvement of muscle groups which on 
neurological examination appear not yet to be affected bj’^ the disease. 
The results suggest that the effect of prostigmine and physostigmine on 
muscular fibrillations is due onl}^ partly to the anti-esterase acti\dty of the 
drags and that these drugs have a direct action on skeletal muscle. The 
findings suggest further that the occurrence of fibrillations in denervated 
muscle can be explained only in part by the increased sensitivit.y of the 
muscle to acetylcholine. 

The effects of eserine and acetylcholine on the electrical potential waves 
of the cerebellar cortex. Frederick R. Miller. Department of 
Physiology, University of Western Ontario, London, Canada. 

It was shown by IN'Iiller, Stavraky and Woonton (J. Neurophysiol. 3: 
131, 1940) that the application of 1 per cent eserine, followed bj' 1 per cent 
acetylcholine (ACh.), to the cerebral cortex'evokes large, regular, electrical 
spike potentials at 8-10/sec. The present report deals with the effects of 
the same drags on the small, rapid waves (150-250/sec.) of the cerebellar 
cortex. 

A minute quantity of 1 per cent eserine m saline applied to the anterior 
lobe of the cerebellum in the decerebrate cat causes an increase in ampli- 
tude and frequenej^ of the small, rapid waves; the enlarged waves occur in 
groups or as scattered spikes; there are also slow potential oscillations. 
ACh. 1:2000-1:1000 on application increases still further the amplitude 
and frequency of the fast waves; the augmented waves occur as scattered 
spikes or in periodic groups; these latter often show a gradual rise and 
decline as in the groups of waves following faradic stimulation of the cere- 
bellar cortex, as described bj’- Dow (C. R. Soc. Biol., Paris 128: 538, 1938); 
the groups are more prolonged and occur at briefer intervals than under 
eserine alone. ACh. also induces large, slow, random potential oscillations. 

The above effects occur immediate^ and thus depend on local actions 
of the drugs. There are accompanjdng changes in tonus, indicating stimu- 
lation by the drags of the cerebellar cortex. The manifestations of eserine 
and ACh., when in being, are abolished by complete atropinization of the 
animal; atropinization also prevents the development of the effects of 
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eserine and ACh. Similar effects are obtained Avith 1 per cent eserine and 
1 per cent ACli. in animals under urethane or chloralose. 

The continuous measurement of arterial saturation in man. G. A. Milli- 
kan, J. n. Pappenheimer (by invitation), A. J. Rawson (by invita- 
tion) and J. E. Heri'hy (by invitation). Cornell University Medical 
College, New York, and the Aero Medical Research Unit, U. S. Army 
Air Corps, Wright Field, Dayton, 0. (Demonstration.) 

A small unit placed over the shell of the ear contains a lamp, two color 
filters, and two barrier tj^ie fight-sensitive cells, with which the trans- 
mission of either green or red light is measured. The “green” reading 
depends upon how much total hemoglobin there is between lamp and 
photocell, and is used as a measure of the degree of vasodilatation or 
“blood thickness” of the ear. It enables one to choose the correct direct- 
reading calibration scale for the estimation of arterial oxygen saturation, 
as measured in the “red” reading. The method has been controlled bj'' 
van Slyke determinations on eighteen arterial samples, and is found to be 
accurate to about 5 per cent over the top half of its range and to about 8 
per cent ovei’ the bottom half. 

Vitamin (B fractions) and protein requirements at different environment 
temperature levels. C. A. jMills. University of Cincinnati, Cincin- 
nati, 0. 

Using young Wistar rats kept in rooms maintained at 91°F and at 65°F, 
it has been found that optimal growth response and food consumption 
require tmce as high a dietary thiamine content at 91 than at 65°F. Defi- 
nite inadequacy at fiUF. prevails up to 0.8 mgm. thiamine per kilo of 
food, but at 65°F. inadequacy is present only up to 0.4 mgm. per kilo. 
Pyridoxine (Be) and pantothenic acid also exhibit higher requirements at 
91 than at 65°F. Graphs wall be presented to illustrate these findings, 
and their possible significance in reference to human deficiency diseases 
and the problems of tropical existence will be discussed. 

Repetitive focal discharges and conduction changes related to the induc- 
tion of ventricular fibrillation.' Gordon K. INIoe (b}’’ invitation) and 
A. Sidney H.a.rris. Department of Physiology, Western Reserve Uni- 
versity, Medical School, Cleveland, 0. 

Further evidence was sought regarding the mechanism bj’' which a brief 
shock ajjplied during the vulnerable period of the heart cycle induces a 
series of aberrant beats or fibrillation. Simultaneous string galvanometer 
records of the electrical activity of three different ai’eas on the ventral 
surface of dog’s ventricles were taken by means of contiguous bipolar riding 
electrodes. Brief rectangular shocks of from 1 to 40 volts were appro- 
priately applied at \'arious moments in the cardiac cycle. Time relations 
of the resulting aberrant electrical comjfiexes were determined at manj' 
points on the cardiac surface bj' frequent shifting of the riding electrodes. 

Measurement of these records shows that of two extras 3 \stoles resulting 
from a single .shook, both originate at the stimulated locus. Isochrons 
drawn on the heart surface have essentiallj' the same concentric pattern 
for both the primaiy and secondaiy idioventricular beats. Since })aircd 

' .Aided by .t gn'int from the .lohn and M.-iry R. Mnrkic Foundation. 
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extrasystoles result only when the shock is at or near the threshold in- 
tensity for fibrillation, and since these paired complexes frequently have 
the same configuration as the initial complexes in the fibrillation patterns 
recorded from the same points, it is suggested that fibrillation itself begins 
with a series of ectopic beats from a single focus. 

Analj'sis of the initial fibrillation complexes before complete dissociation 
of the several points reveals that such an idioventricular focus usually 
discharges at progressively decreasing intervals (dovm to 60-80 msec.), 
and that the time lag (conduction time) between points in line vdth, and 
on the same side of, the stimulating electrodes becomes progressivel 3 ’’ 
greater imtil eventually a point near the focus may undergo its fourth 
discharge at the same time that a point only 2 cm. distant is activated for 
the thu’d time. "Wfiien such a stage is reached, conduction may be corn- 
pletely blocked, resulting in a momentary arrest of the heart, or conduction 
may be irregularly'’ blocked, leading to fibrillation which begins near the 
point of stimulation wlule distant areas of the heart are still being excited 
rhythmically. 

Role of the external secretion of the pancreas in the prevention of fatly 
infiltration of the liver. M. Laurence Montgomery (by invitation) 
and I. L. Chaikopf. Divisions of Surgery and Physiology of the Uni- 
versity of California Medical School, San Francisco and Berkeley. 
(Demonstration.) 

Previous observations have clearlj’’ established that raw pancreas con- 
tains a factor (or factors), other than insulin, that prevents deposition of 
fat in the liver. It will be demonstrated by gi’oss specimens, photomicro- 
graphs and chemical analyses that the daily ingestion of adequate amounts 
of pancreatic juice can replace the raw glandular tissue in the prevention 
of fatty fivers in duct-ligated and in complete^ depancreatized dogs kept 
alive with insulin. These findings suggest that the maintenance of a 
normal lipid content in the fiver is an essential function of the external 
secretion of the pancreas. 

Fatal blood level of magnesium. R. M. Moore and W. J. Wingo (by' 
invitation). Departments of Surgery and Biological Chemistry, Uni- 
versity of Texas School of Medicine, Galveston. (Read by' title.) 

Although the anesthetic action of magnesium salts (Meltzer and Auer, 
Am. J. Physiol. 16 : 387, 1906) and their action in lowering the irritability' 
of pain-endings (Moore, Am. J. Physiol. 110 : 191, 1934) have been demon- 
strated, the concentrations of magnesium ion in the blood necessary' for 
these effects have never been determined. As a preliminary to such a 
study we have investigated the toxicity' of magnesium chloride adminis- 
tered intravenously' to cats under ether or nembutal anesthesia. Blood 
magnesium was determined by' a modification of the Hirschfelder and 
Searles method (J. Biol. Chem. 104 : 635, 1934). 

Animals receiving continuous intravenous injection of isotonic mag- 
nesium chloride exhibited a moderate respiratory' depression which cul- 
minated suddenly' in fatal respiratory' arrest. Caval blood samples taken 
at death in 13 experiments showed magnesium concentrations from 18.5 
to 31.0 mgm. per cent (avg. 24.5). From analysis it appeared that blood 
level was the lethal factor rather than total dose or injection rate. In 5 
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additional animals artificial respiration was given while magnesium injec- 
tion was continued until the heart beat was no longer felt; terminal blood 
samples showed magnesium values of 47.5 to 72.0 mgm. per cent (avg. 
60.3). In another group of 5 animals injection was discontinued prior to 
respiratory arrest; these animals survived the experiment apparently 
uninjured although the blood magnesium had been elevated to 20-24 mgm. 
per cent. It is eiddent, therefore, that cessation of respiration is the only 
acute danger from artificial elevation of the blood magnesium. 

When a double-isotonic solution combining magnesium and calcium 
chlorides in isosmotic proportions was injected higher magnesium concen- 
trations were required to kill. In 6 such experiments blood magnesium 
concentrations at death averaged 65.8 mgm. per cent while blood calcium 
averaged 36.9 mgm. per cent. In these animals respiration and heart beat 
appeared to fail simultaneously. Moreover, death was not so sudden as 
from magnesium alone and cardiac irregularities were noted prior to death. 

Central stimulation of respiration diuing anoxia. Carl A. Moyer^ and 

H. K. Beecher (introduced by R. Gesell). Surgical Laboratories 

{Anesthesia), Harvard Medical School, Massachusetts General Hospital, 

Boston. 

Four dogs lightl}^ anesthetised mth evipal after bilateral cervical vagus 
section and bilateral carotid denen’’ation showed varjdng degrees of respira- 
tory stimulation when subjected to an oxygen tension of 61 millimeters 
of mercury. 

The stimulation was characterised by a long latent period, a rapid rate 
and periodicity. During the latent period (3-8 min.) pulmonary ventila- 
tion usually decreased slightly and blood pressure fell. When stimulation 
became well established blood pressure became stabilized or rose slightlj’' 
and cjmnosis decreased. 

Readministration of room au' was followed by a short period of dimin- 
ished respiratory exchange which in turn was superseded by a period of 
Iwperventilation differing from the anoxic response in that the amplitude 
increase was the more prominent component. 

A very slight objective increase in the depth of anesthesia abolished the 
hypoxic hypeipnea but only diminished the post-anoxic hj’per\''entilation. 
The animals still tolerated the anoxia well. 

At a slightly greater depth of anesthesia the usual picture of hyporia 
after complete chemoceptor and vagal proprioceptor denervation was in- 
variably obtained, namely: progressive respiratoiy and vasomotor de- 
pression. 

The amount of evipal necessary to annul central low oxygen stimulation 
is very slight when compared with that necessary to abolish it in the nor- 
mally innervated animal. 

Tliese findings substantiate D’Autrebande’s on chronically denervated 
unanesthetised dogs and fit in well with Gesell’s (H)-f- ion concept of 
I'cspirator^'^ control. 

The metabolism of the brain in the ketotic state. A. G. Mulder and 

Lath AN A. Crandall, Jr. Department of Phjsiology, University of 

Tennessee College of Medicine, Memphis. 

* National Research Council Fellow. 
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The metabolism of the brain in dogs starved and fed on fat alone for 
from 2 to 6 weeks was investigated by the determination of the arterio- 
venous differences of ketone bodies, oxygen, carbon dioxide, and glucose. 
Arterial blood was dravm from the femoral arterj’- while simultaneously 
venous blood was di-a^vn from the superior sagital sinus. Two of the dogs 
were not anesthetized during the blood collection; a trephine opening in 
the skull having been prepared on the day previous to the experiment. 
The remaining dogs were anesthetized. No differences were observed due 
to anesthesia. 

In eleven of the experiments the total ketone bodies were determined. 
The level of the ketone bodies in the blood varied from 4.1 to 64 mgm. per 
100 cc. (expressed as beta-hydroxybutyric acid). In four of these experi- 
ments the arterial blood contained an average of 0.5 mgm. more than that 
of the venous blood, while in seven experiments the venous blood contained 
an average of 0.3 mgm. more than did the arterial blood. All of the varia- 
tions were within the hmit of accuracy of the method which is less than 
5 per cent. The results indicate no utilization of ketone bodies by the 
brain. 

The respiratoiy quotient was determined in eight experiments. This 
ratio varied from 0.95 to 1.07, Avith one exception; the average R.Q. was 
0.98. The average arterio-venous oxj’^gen difference was 8.6 volumes per 
cent. Glucose was removed bj'’ the brain in all of the six experiments in 
which it was determined, the average utilization being 10.5 mgm. per 100 
cc. Determinations of lactic acid showed no appreciable difference be- 
tween arterial and venous blood in two experiments. 

These results demonstrate that the brain of the dog in ketosis uses 
carbohydrate alone in its metabohsm. 

Some observations on Brdicka’s polarographic serum reactions.^ Otto 

H. Muller (introduced b}'^ J. C. Hinsey). Department of Anatomy, 

Cornell University Medical College, New York City. 

If proteins or their denaturation products are polarographed in a well 
buffered solution of cobaltous chloride, two well defined waves are ob- 
served on the polarogram in addition to the wave due to the reduction of 
cobaltous ions. This reaction, fii'st observed by Brdicka, has been applied 
by him to the study of cancer and infectious diseases (R. Brdidka, Acta 
Intern. Vereinig. Krebsbekampfung 3: 13, 1938). It seemed of interest 
to make similar tests in cases of arthritis and gout. Preliminary experi- 
ments have shown that plasma obtained from arthritic patients results in 
a protein double-wave which is definitelj'- lower than that produced bj’^ 
normal plasma. In the case of gout no significant difference could be 
estabhshed. One difficulty in evaluating these results was the fluctuation 
in the wave-heights obtained with normal plasma which served as reference. 
Part of this difficulty could be traced to variations in room temperature. 
An investigation of the temperature coefficient for this reaction was there- 
fore undertaken over the temperature range of 5-50 degrees Centigrade. 
The temperature coefficient for the protein double-wave was about 1.7 
per cent. Tliis is similar to that of other electro-reductions at the dropping 
mercury electrode (V. Nejedl;^, Collection Czechoslov. Chem. Commun. 
1: 319, 1929). However, unexpected was the observation that the first 


> Aided by the W. E. Benjamin Fund for the Study of Arthritis. 
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protein wave had a positive temperature coefficient of about 3 per cent 
while the second protein wave had a negative temperature coefficient of 
about 1.3 per cent. This means that with increasing temperature the 
first protein wave increases at the expense of the second protein wave. 
Jiihling, Tropp and Wohlisch (Ztschr. Physiol. Chem. 262: 210, 1939) 
concluded on the basis of protein denaturations carried out at different 
temperatures that the first wave is due to a special rearrangement in the 
protein molecule exposing sulphur groups so that the3’' will react at the 
electrode. The second wave is considered due to free cj^stine. Our 
observation of the temperature coefficients of the two waves seems to throw 
doubt upon this interpretation. 

Studies on the blood of mongrel dogs at high altitude. R. M. Mulligan 
( introduced bj"" R. W. "VSffiitehead). Department of Pathology, School 
of Medicine and Hospitals, University of Colorado, Denver. 

Between Juty 1939 and August 1940 60 normal adult mongrel dogs (39 
males and 21 females), ranging in weight between 5 and 19 kilograms, were 
obseiwed to determine their blood picture. The hemoglobin (Newcomer) 
values ranged between 11.0 and 18.8 grams with an average of 14.5 ±1.76 
(104.8 per cent Haldane). The red blood corpuscles varied between 
^220, 000 and 8,460,000 per cu. mm. %vith a mean of 6,790,000 ± 700,000. 
The average mean corpuscular Hb Avas 21.5 ± 2.45 micromicrograms. 
The total leucocAdes varied betAA'een 5,450 and 28,250 Avith an average of 
13,150 ± 5,250. The differential leucocyte count on 200 cells Avas: Stab 
neutrophiles — range 0.5-10.0 per cent, average 4.3 ± 2.34; segmented 
neutrophiles — 54.^91.5 per cent, average 73.9 ±8.67; tymphocytes — 
4.5-37.0 per cent, average 17.1 ± 8.25; eosinophiles — 0-13 per cent, 
average — 3 ± 2.51; monoc3des — 0-7 per cent, average 1.7 ± 1.5. Baso- 
philes Avere neAmr encountered in any of the counts. One normoblast per 
200 cells Avas found in each of three counts. 

No relation of hemoglobin, red blood corpuscle count, or mean cor- 
puscular hemoglobin to sex or Av’^eight was found. 

These results, the first of their kind to be reported from a high altitude 
(approximatelj’’ one mile), compare favorablj’’ with those done on an almost 
similar series of mongrel dogs (37 males and 23 females) observed in New 
Orleans (approximately at sea level) hy H. S. Maj'^erson (Anat. Rec. 
47,239, 1930). He found in his series that the hemoglobin averaged 13.5 
grams (NcAvcomer); red blood corpuscle count, 6,160,000 per cu. mm.; 
total leucocj'tc count, 11,100 per cu. mm.; neutrophiles, 74.0 per cent; 
h’^mphocjdes, 20.0 per cent; monocytes, 4.0 per cent, and eosinophiles, 
2.0 per cent; basophiles, less than 1 per cent. 

Erythrocyte permeability to radioactive potassium. L. J. IMulltos (b3' 
inritation), T. R. Noonan ( 63’' inAutation), L. F. Haege (by^ invitation) 
and W. 0. Fenn. Department of Physiology, The University of Rochester 
School of Medicine and Dentistry, Rochester, N. Y. 

The percent penetration of the eiythroc3des studied Avas taken as equal 
to the potassium radioactiAuty (KRA, or counts per mol. of IC) of the red 
cells expressed in per cent of the KRA of the plasma, i.e., per cent penetra- 
tion = 100 X KRAcciis/IHtApi„,roa. In all cases therefore both cells 
.and plasma had to be analy'zcd for both total K and for radioactmtya 
Thirt-y-tAA'o detci-minations haA'c been made on human eiythrocidcs 
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in viiro. Blood was drawn with various different anticoagulants and 
incubated -with stirring for 10 hours or less at 37°C. after adding 0.1 cc. of 
isotonic radioactive K to 5 cc. of blood. The samples were equihbrated 
with various tensions of Oo, CO 2 , CO and No. Without further experi- 
ments it cannot be said that any of these various anticoagulants or gas 
tensions caused significant differences in the penetration which was about 
15% complete in 4 hours and 40% complete in 12 hours. 

For experiments in vivo the radioactive K*C1 was injected or drunk and 
blood samples were taken with oxalate at various times thereafter. After 
centrifuging, cells were either anal 3 '-zed and counted directly or bj’" the 
difference between whole blood and plasma values. The approximate 
times in hours for 30 per cent penetration in a number of different species 
were as follows; cat, 1.0; rat, 5.0; human, 6.5; rabbit, 7.5; guinea pig, 8.0; 
and frog, 49.0 (the value for frog cells is extrapolated and it is possible that 
in these nucleated cells 100 per cent penetration ivould not be reached). 
The penetration curves were exponential in nature and it seems likelj’- that 
the penetration would be complete (100 per cent) if observations could be 
made at times longer than 24 hours. 

Does acetylcholine act specifically as “synaptic transmitter” 7^ D. Nach- 

MANSOHN. Laboratory of Physiology, Yale University School of Medi- 
cine, New Haven, Conn. 

The concentration of choUnesterase is high in strong electric organs 
{Torpedo, Gymnotus) and relative^ low in weak electric organs (Ray). 
If the E.M.F. per centimeter, number of plates per centimeter and concen- 
tration of enzyme are compared in the three species, a close parallelism 
becomes obvious. In recent experiments with Coates and Cox (unpub- 
lished) the enzyme concentration was determined in different sections of 
the electric organ of Gymnotus taken successivelj’’ from the head to the 
caudal end. The curve obtained was similar to that found by those 
authors for the E.M.F. per centimeter and number of plates per centimeter. 
These findings indicate that the discharge is connected with acetylcholine 
metabohsm. This conception is supported by exiieriments with Feldberg 
and Fessard where it was demonstrated that nerve stimulation hberates 
acetylcholine in electric organs and that small amounts of injected acetjd- 
choline produce a discharge, an effect greatly enhanced by eserinization. 

Is the correlation between electrical changes and enzyme activity Hmited 
to nerve endings? The concentration of cholinesterase rises to particu- 
larly high values at synaptic regions but is high everywhere in nerve fibers. 
Experiments with Couteaux on the superior cervical ganglion after de- 
generation of preganghonic fibers suggest that the enzyme is concentrated 
at or near surfaces of nerve fibers, and that the high values at synaptic 
regions are connected ivith the increase in surface due to the end arboriza- 
tion. Direct evidence is now offered with Boell for the localization of the 
enzj’^me at or near the surface of nen'^e fibers. The enzj'^me activity was 
determined with the Cartesian diver technique separate!}'- in sheath and 
axoplasm of the giant fiber of the squid. Practicallj'' all the enz 3 'me of the 
fiber is located in the sheath, the amount present in the axoplasm is neg- 
ligible. 

These observations suggest — ^in modification of the original theories of 

* Aided by a grant from the Dazian Foundation. 



55396 


AMERICANaBHTtSIOEOGICAL SOCIETY 


Loewi and Dale — that acetylcholine does not act specifically as “s 3 Tiaptic 
transmitter” of nerve impulses to effector organs, but is intrinsicall}'- con- 
nected with the electrical changes occurring everywhere at the surface of 
neurons during activit 5 ^ 

The formation of the R wave of the electrocardiogram.^ L. H. Nahum, 

H. E. Hoff and W. Kahfmann (by invitation). Laboratory of Physi- 
ology, Yale University School of Medicine, New Haven, Conn. 

Previous studies (Am. J. Physiol. 131; 687, 1941) indicate that the 
normal electrocardiogi-am is formed by the algebraic summation of the 
action potentials from the right and left ventricles (dextro- and levocardio- 
gram). Summation of the initial portions of these two components yields 
the QRS complex. Its ascending limb arises from the upstroke of the 
dextrocardiogram, and its descending limb is foimed by the equalization 
of potential consequent to the onset of the levocardiogram, of which the 
initial component is dhected downward. Two further series of ex-peri- 
menta are here reported in confirmation of this h 5 qiothesis. (i) If the 
interval between activation of the right and left ventricles is lengthened 
the R wave should be increased in amplitude, because more of the dextro- 
cardiogram would have developed before its neutralization bj’- the levo- 
cardiogi-am. Furthermore, shortening this interval should diminish the 
amplitude of R. These effects were produced experimental^ by warming 
or cooling one or the other venti’icle for several minutes, suflicient to affect 
conduction to the surface of each ventricle, Waiming the left ventricle 
diminished the height of R, while cooling it increased the amplitude. 
Waiming the right ventricle increased the amplitude of R and cooling 
decreased it, (ii) If initial deflection of the right ventricular action po- 
tential is upward, and that of the left ventricle dovmward, extra systoles 
elicited from the right ventricle should have an upright initial deflection, 
and those from the left ventricle a downward initial deflection. This is 
confirmed experimentally when care is taken that the point of stimulation 
is equidistant from the septal boundary, so that the gi'eater part of the 
ventricle is activated before there is spread to the other. With these 
precautions, right ventricular extrasystoles show an upright initial deflec- 
tion in all three conventional leads, and left ventricular extrasystoles show 
a dovTiward initial deflection in these leads. 

Gastrointestinal secretions diumg shock. H, Necheles and W'ar. H. 

Olsok (bj' invitation). Department of Gastro-Intestinal Research, 

Michael Reese Hospital, Chicago, III. 

Gastro-intestinal secretions may play an important role during the 
condition of shock, in view of the deranged distribution of fluids within 
and outside of the circulatory sy.stem, and in view of the occurrence of 
gastro-intestinal ulcers following shock. Therefore, the secretion of saliva, 
gastric and pancreatic juice, bile and urine, and gastric motility was studied 
in anesthetized animals before and follovdng shock from trauma or burns. 
Following both foims of shock, salivary, pancreatic, biliary, and urinaiy 
secretions were found to be con.siderablj’’ diminished. Gastric secretion 
was not affected bj' traumatic shock, but following bums a rapid and 
•sustained increase of gastric secretion, amounting to several hundred per 

* Aided by n gnint from the Fluid liesearcli Fund, Y.alc Uni^'crait}' >School of Afcdi- 
cinc. 
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cent, and greatty increased gastric motility, was observed. Salivary, 
biliary, and pancreatic secretions stimulated by pilocarpine, decholin or 
secretin, were not effected by either type of shock. The great increase in 
gastric secretion, and motihty follovdng burns is the first experimental 
evidence produced of a disturbance in the mechanism of the stomach 
following bums. This fact, together with the diminished secretion of bile 
and pancreatic juice brings forth new light on the problem of Curling’s 
ulcer. 

The influence of fasting and of insulin on the concentration of acid soluble 
phosphoms in the liver of rats. Norton Nelson (by invitation), S. 
Rapoport (by invitation), George M. Guest (b 5 '’ invitation) and I. 
Arthur Mirsky. The May Institute for Medical Research, The Jewish 
Hospital, and The Children's Hospital Research Foundation, Cincin- 
nati, 0. 

The concentrations of several fractions of acid-soluble P in the livers of 
rats were studied folIo^vmg feeding and fasting and after the administra- 
tion of insulin. The rats had been fed a standard laboratory ration and 
ranged in weight from 175 to 275 grams. Analj^ses included the inorganic 
P, the organic acid-soluble P hydrolyzable by N acid in 8 minutes, the total 
acid-soluble P, and glycogen in the fiver and the blood sugar. 

After fasting 15 to 20 hours the concentration of fiver glycogen decreased 
to less than 0.3 gram per 100 grams and the blood sugar fell from 116 
(average in fed animals) to 84 mgm. per 100 cc. The inorganic P in the 
fiver increased from 18 (average in fed animals) to 22 mgm. per 100 grams, 
and the organic acid-soluble P decreased, while the total acid-soluble P 
did not differ significantly from the average of 100 mgm. per 100 grams 
found in the fed animals. 

One hour after the subcutaneous injection of 2 to 5 units of insulin per 
animal the concentration of total acid-soluble P in the fiver was found to 
be higher, 112 and 117 mgm. per 100 grams in the fasted and fed rats 
respectively. The increase was mainly accounted for in the organic frac- 
tions although the concentration of inorganic P also was somewhat in- 
creased. 

Growth of the mammaiy gland following local application of estrogenic 
hormone. Warren 0. Nelson. Department of Anatomy, Wayne 
University, College of Medicine, Detroit, Mich. (Read by title.) 

The theory that the ovarian hormones stimulate groAvth of the mammaiy 
glands only through theu* action on the anterior hj^iophysis and the pro- 
duction therein of one or more mammogenic hormones is controverted by 
experiments in which application of estrin to the area of one gland has 
induced growth of that gland only (women, monkeys, rabbits). The 
present work deals with similar studies in the guinea pig. 

Seven gonadectomized male and female guinea pigs received applications 
of estrin to one mammaiy gland area. In each animal the estrone dis- 
solved in seasame oil -vvas applied to one nipple and areola. Very small 
quantities w'^ere applied and massaged gentlj’- into the skin. Each animal 
received approximately 3 i.u. daily for 15, 25 and 35 da 3 '-s. In three ani- 
mals the second nipple was massaged daily with seasame oil alone. 

Growth of the nipple on the side receiving applications of estrin w^as 
evident bj’- the 8th daj’- and continued throughout the period of treatment 
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in each animal. In only one instance was any growth observed in the 
nipple on the side receiving seasame oil only. The mammar}’’ glands re- 
covered from the side treated vdth estrone showed development of ducts 
and end buds at 15 days, and progressive growth of both ducts and alveoli 
at 25 and 35 days. A slight growth of ducts was produced in one gland 
which received applications of oil only. 

These results present further evidence that local application of small 
amounts of estrin to the area of a mammarj' gland will stimulate growth 
of that gland only. 

The occurrence of hypophyseal tumors in rats under treatment with di- 
ethyl-stilbestrol. Warren 0. Nelson. Department of Anatomy, 
Wayne University, College of Medicine, Detroit, Mich. 

A studj’- has been made of 93 rats treated daity with varymg amounts of 
diethyl-stilbestrol for periods up to 14 months. Castrated and normal 
animals of both sexes have been studied and compared with untreated 
controls. The effects of the synthetic estrogen have been in general 
comparable to those obtained vnth similar amounts of naturally occurring 
estrogens injected over similar periods of time, viz., enlargement of the 
pituitary and correction of castration changes, stimulation of mammarj'^ 
glands, primaiy stimulation of corpora lutea vnth ultimate inhibition of 
ovaries, enlargement of adrenals, testicular damage, and loss of body 
weight. 

Interest at this time centers chiefl}'’ upon some of the effects seen in a 
series of 28 noimal males and females treated mth 50 micrograms dail}’’ for 
8 months or longer. Animals survmng for this period were stunted, 
showed loss of body hah, and exhibited progressive debility. The enlarge- 
ment of the h^ophysis, which was shown b}'' all animals treated for shorter 
periods, continued and was markedly accelerated after the 8th month of 
treatment. At 8 months the average weight of the hypophysis was 75 
mgm., at 10 and 11 months, 150 mgm., at 12 months, 210 mgm., and at 13 
and 14 months, 325 mgm. No animals have been maintained for longer 
periods since in each instance a peculiar sjmdrome developed and lead to a 
rapid decline. Voluntary ataxy, choreoid movements, spastic weakness, 
nystagmus, exophthalmos, idsual disturbances and defective postural fixa- 
tion were seen in nine animals during the 13th and 14th months of treat- 
ment. In each of these instances an enormous tumor filled the hypoph 3 ’^seal 
region and encroached upon the surrounding regions of the brain. The 
tumoi-s were reddish in color, usually bilobate, and were of a semigelat- 
inous consistenc 3 ^ A firm capsule was always present. Microscopicall.y, 
the tumors could be identified as chromophobic adenomata. Areas of 
marked vascular dilatation were wide-spread and definitive chromophilic 
cells were much reduced in both number and size. Manj’’ of the chroino- 
phobes were very large and the entire architectural pattern of the anterior 
lobe showed marked aberrations. Posterior and intermediate lobes were 
small and in some instances ill-defined. 

The tubular reabsorption of urea, thiourea and derivatives of thiourea in 
the dog kidney. H. J. Nicholes (ly imitation) and R. C. Heriun. 

University of Trz.scon.sfR, Madison. 

The renal plasma clearance of each of the following compounds, thio- 
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urea, lucthj^lthiourea, plienylthiourea or s-dietlij'-lthiourea, was determined 
with the simultaneous urea and creatinine clearances. 82 to 98.8 per cent 
of the s-diethjdthiourea, 55 to 95 per cent of the phenjdthiourea, 50 to 70 
per cent of the methylthiourea, 23 to 59 per cent of the thiourea, and 25 
to 60 per cent of the urea filtered at the glomeruli were reabsorbed in the 
uriniferous tubule. At any particular per cent reabsorption of water the 
per cent reabsorption of s-diethylthiourea was greatest, that of phcn 5 d- 
thiourea second, that of methylthiourea third, and those of thiourea and 
urea the least. The mean ratio of the jDer cent reabsoi-ption of thiourea to 
that of urea was 0.987 for 33 periods. The order of tubular reabsorption 
of these compounds corresponds to their order of relative lipoid solubilit 3 \ 
S-diethylthiourea and phenyltliiourea are, respectively, 2.6 and 1.4 times 
more soluble in ether than in water, whereas, methjdthiourea, thiourea and 
urea are, respectively, 49, 1 16 and 8000 times more soluble in water than 
in ether. 

There was a pronounced linear increase in the percent reabsorption of 
s-diethylthiourca and phenylthiourea as the per cent reabsorption of water 
increased. This definite linear increase suggests that these two compounds 
may be passiveh’’ reabsorbed in the same region of the tubule as that where 
most of the water reabsorption occurs. The per cent reabsorption of urea, 
thiourea and methylthiourea often increased moderately as the per cent 
reabsorption of water increased, although frequent, irregular changes in 
the reabsorption of urea and thiourea, or of urea and methylthiourea, 
suggest that other factors than the per cent reabsorption of water may 
regulate the reabsorption of these three veiy water-soluble compounds. 

These oljservations suggest that the passive return to the circulation 
of certain lipoid-insoluble wa.ste products, such as urea, is re.sisted because 
of the lipoid nature of a boundaiy in each uriniferous tubule cell. 

The influence of adrenal cortical deficiency upon the fifth stage of neuro- 
muscular transmission. Hayden C. Nichodson and W. Y. Takahashi 

(b}'’ invitation). Departments of Physiology, Harvard Medical School, 

Boston, Mass., and the University of Michigan, Ann Arbor. 

These experiments were performed upon cats anaesthetized with dial 
(Cilja), urethane, or pentobarbital. The muscles studied were those 
attaching to the tendon of Achilles. The leg was fixed by drills inserted 
into the tibia. The contractions of the muscles were recorded on a kymo- 
graph by connecting the tendon to a mj'^ographic lever so arranged that 
the muscles pulled against one or more heav 3 ’^ rubber bands. After central 
section of the.sciatic, the popliteal nerve was stimulated b.y slightlj'- super- 
maximal shocks at a frequenej’^ of 60 per second. 

In a series of seventeen control experiments upon normal cats the neuro- 
muscular response was cxactl}'' similar to that described bj^ Rosenblueth 
and Luco, the late rise of tension characteristic of the fifth stage of neuro- 
muscular transmission invariably appearing. A second series of 
experiments was performed upon cats which had been bilaterally adi’e- 
nalectomized from 24 to 48 hours previous^. In one cat adrcnalectomized 
24 hours before the beginning of the experiment there developed a fifth 
stage of normal height but not as well maintained as normall 3 \ In another 
cat adrcnalectomized 24 hours before the beginning of the experiment no 
fifth stage appeared. In one experiment performed 48 hours after adrenal- 
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ectoni3'’ a fifth stage appeared but the tension developed amounted only 
to about 6 per cent of the nonnal. There have been thi’ee experiments 
performed 48 hours after adrenalectomy in which the animals remained 
in relatively good condition well beyond the maximum time of appearance 
of the fifth stage in the control series. In none of these did a ^th stage 
develop, although the muscles still responded to direct stimulation. In 
aU the experiments upon adrenalectomized animals the height of the initial 
contraction and the rapidity of the decline to the fatigue level were mthin 
normal hmits. A cat which forty-eight hours preidousty had been sub- 
jected to a sham operation developed a fifth stage normal in every respect. 

The distribution of injected radioactive potassium in rabbits and other 
animals. T. R. Noonan (b}’- invitation), L. J. Mullins (by invitation), 
L. F. Haege (by invitation) and W. O. Fenn. Department of 
Physiology, School of Medicine and Dentistry, The University of Rochester, 
Rochester, A. Y. 

Using the artificialty radioactive isotope, K"’-, as a tracer element, studies 
on potassium distribution have been made in rabbits, frogs, humans and 
cats. In general, the results confinn those found and reported in rats. 

In rabbits, killed at varying times after subcutaneous injection of radio- 
active K, it was found that the “potassium radioactivity” (KRA) which 
is defined as: 


per kgm^f tissue X 100 ^ ^ 

uounts injected per kgm. body weight 


varied in different tissues as follows: 

In plasma — rapid rise to maximum almost immediately after injection 
follows b\’' slow exponential type of fall; 

In brain, sciatic nerve, and erythrocytes — ^I'^ery slow exponential rise, 
not reaching the plasma value even after 24 hours; 

In muscle (leg) and skin — slow exponential rise reaching value equal to 
plasma in 24 hours; 

In liver, heart, kidney, diaphi-agm, and lung — rapid rise, to equal or 
exceed plasma in 1 hour, slower falling off to reach values essentially equal 
to plasma. 

In anesthetized rabbits, successive samples of hepatic tissue with simul- 
taneousb’^ collected plasma were taken at intervals during and after 
intravenous injection of radioactive KCl solutions. From the values 
of KRA of these tissues, it could be shown that radioactive potassium enters 
the liver cells b\^ some process other than cation exchange, probably by 
absorption as a salt in approximately isotonic solution. 

Data from similar experiments \\4th frogs also showed that most cells 
are freety permeable to potassium, the exceptions, eiythrocytes and ovary, 
showing slower penetration. 

The total exchanged potassium of the bodj’’ at ^13-^ tirne can be computed 
from the KRA of the plasma, or presumably from the KRA of urine, using 
the relationshii). 


Total e-xchanged potassium 


100 


KRAp,„ 



TTaiOOS 




The average values for the amount of exchanged potassium in mM per 
kgm. body weight 12 hours after injection in. various animals Avere ap- 
proximately: rats, 70; cats, 70; rabbits, 50; man, 40. The total potassium 
found b}’’ anal 3 rsis of the entire animals is as follows: rat, 66; cat, 78; 
rabbit, 83. 

The effect of anoxia on the absorption of glucose and glycine from the 
small intestine. David W. Northup and Edavard J. Van Liere. 
Department of Physiology, West Virginia University Medical School, 
Morgantown. 

The absorption of glucose and glycine from isotonic solutions in the 
small intestine of dogs at A’-arious reduced oxj’^gen tensions AA^as studied, 
using Moreau loops. A Ioav pressure chamber was emplo3red to obtain the 
reduced pressures; oxygen tensions (besides the controls at atmospheric 
pressure) used Avere 117, 94, 80, 63 and 53 mm. Hg, the last corresponding 
to an altitude of 28,000 ft. The dogs were under barbital anesthesia. 
At least eight animals were exposed to each O2 tension Avith each substance; 
up to 25 in cases AA^here the significance of the result Avas in doubt. Over 50 
control experiments AA^ere performed for each substance. 

It AA-as found that anoxia up to and including 53 mm. Hg O2 tension does 
not significantl3'’ alter the absorption of glucose from the small intestine, 
but that the absorption of gl3’’cine was significantl3" depressed at 53 mm. Hg. 
It Avas not, hoAA’ever, changed at an3^ greater O2 tension. The results 
indicate that oxidath^e processes are of more importance in the absorption 
of gl3^cme than is the case AAuth glucose. 

Hypophysectomy in hypertensive rats. Eric Ogden (by invitation), 
Ernest W. Page (by invitation) and Evelyn Anderson. Division 
of Physiology and the Institute of Experimental Biology, University .of 
California, Berkeley. 

The relationship of the pituitaiy bod 3 ’’ to renal h 3 'pertension is not quite 
clear even though Page and SAveet (1937) shoAved a fall in blood pressure 
in Goldblatt dogs after h 3 'pophysectomy and Griffith and Ingle (1940) 
shoAA^ed that hypertension sometimes occuixed in rats after removal of the 
posterior lobe of the pituitary and subtotal nephi-ectomy. 

Rats were made hypertensive b3'^ partial ligation of one renal artery and 
Avhen the blood pressure, measured b3’^ the tail plethysmograph, had 
stabilised, the posterior lobes of their hypophyses Avere ablated. In those 
animals AA^hich shoAved diabetes insipid-as, the l^lood pressure declined 
sloAAdy or not at all. 

In some animals extensh’-e damage to the anterior lobe Avas presumed to 
haA'^e occurred on the CAudence of no diabetes insipidus, loss of AA^eight and 
testicular atroph 3 L In these animals there AA^as a complete and immediate 
decline of blood pressure to the leA'-els normal for non-h3pertensive animals. 

A number of post-hypophysectomised rats shoAA^ing aa^oU marked diabetes 
insipidus AA’^ere subjected to partial ligation of the renal artery. The 
proportion of these AV'hich deA’^eloped h5pertension Avas the same as that 
expected from normal rats. 

In spite of the finding of Ogden, BroAvn and Page (1940) and others that 
renal h 3 pertensiA'’e animals are h 3 persensitiA'^e to the pressor activit 3 ’' of 
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posterior lobe extract, this lobe does not appear to be necessary for the 
development or maintenance of renal hypertension. The anterior lobe, 
on the other hand, appears to be essential for this phenomenon and a 
fm’ther study of its role which may help to elucidate the mechanism of 
experimental renal hj’pertension is in progress. 

Thanlcs are due to the John and Maiy Markle Foundation for financial 
assistance in this work. 

Changes in lens shape during stimulation of the cervical sympathetic 
nerve. J. M. D. Olmsteb and Meredith W. Morgan, Jr. (by invita- 
tion). Division of Physiology, Medical School, University of California, 
Berkeley. 

Photographs of the Purldnj e-Sanson images reflected from the eye of an 
iridectomized cat taken before and during stimulation of the cervical 
sympathetic nerve show that during such stimulation the image from the 
anterior surface of the lens is shifted by flattening of this lens surface. 
Photographs of the profile of the lens under these circumstances afford 
direct proof that the anterior surface of the lens is flattened during cervical 
sympathetic stimulation. 

Simple modification of the Hanike-Gibbs drop recorder. Wm. H. Olson 
(by invitation) and H. Necheles. Department of Gastro-Intestinal 
Research, Michael Reese Hospital, Chicago, III. (Demonstration.) 

The Hanike-Gibbs instrument for recording drops of secretion applies 
the principle of displacement of an electroljiie solution with constant vis- 
cosity and conductivity. The instrument reported by Gibbs in 1927 
consists of 5 different parts mth a number of connections and does not 
lend itself easil}'' to experiments in which the rate of a number of different 
secretions must be measured at the same time. We have therefore modified 
the instrument, using the same principle as Hanike and Gibbs did. The 
upper part of two cylinders is solidly connected by a glass tube. The first 
cylinder is empty and connected to the cannulated duct of an organ, the 
secretion of which is to be measured. The second cyhndcr is filled with a 
10 per cent solution of sodium citrate. The lower pole of this cylinder 
has a fine opening through which a drop of the citrate solution is forced 
when a drop of secretion displaces air in the first cylinder.^ The falling 
citrate drop passes between a platinum wire and a brass ring fixed 411 a 
glass tube, to which slight constant water suction is applied so that the drop 
of citrate passes rajiidly between the contacts. The contacts are connected 
in series with 115 volts A.C. or D.C. and a small recording signal rnagnet. 
A fuse is introduced into the circuit. Due to the constant suction the 
amount of current transmitted is small enough to permit the use of an 
ordinary six volt laboratory signal magnet. The instioiment can be 
made in the laboratoiy at low cost. We have used it for one year and have 
found it so reliable, easy to use and maintain that we feel it would be useful 
to many other laboratories. The instmment must be protected from 
radiating heat which will expand the air and citrate solution in the t\vo 
chambers. The insti ument can be emptied and refilled respectively within 
a short time and will work for many hours unsupervised. We have used a 
set of 4 instruments to record simultaneously salivary, pancreatic, biliary 
and urinary secretions. 
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Circulation time in shock. Wm. H. Olson (by invitation), F. Neuv'elt, 
. H. Gutmann (by invitation), H. Necheles and S. 0. Levinson (by 
invitation), S. DeuUch Serimi Center and the Department of Gastro- 
intestinal Research, Michael Reese Hospital, Chicago, III. 

During shock circulating time is increased, due to progressive failure of 
circulation, diminution of circulating volume, and increased viscositj’- of the 
blood. In order to obtain more information about the correlation between 
circulating time and other important changes, experiments were performed 
on anesthetized dogs following spontaneous, traumatic and morphine 
shock. Circulating time was determined bj’^ the cyanide method, and 
recorded by kymograph, which is necessary for accurate results. The 
disadvantages of the method will be discussed. 

Results. During shock, circulating time usually is increased from 100 
to 300 per cent. As a mle, a close correlation between lilood pressure and 
circulating time was found to exist. That is, a drop of blood pressure of 
more than 20 imn. mercury was in most cases reflected hy a corresponding 
slowing of circulation time and vice versa. Another close correlation was 
found lietween circulating time and hemoglobin values. In most experi- 
ments, increased hemoglobin concentration as expressed by Sahli or hema- 
tocrit values was paralleled by a prolongation of circulating time. At 
times, slight changes in blood pressure were accompanied by marked 
changes in hemoglobin concentration and prolonged circulating time. 
At times, severe changes of blood pressure occurred vdth little change in 
hemoglobin concentration, but. there was a great prolongation of circulating 
time. It may be stated, that there is an approximate correlation between 
the product of the changes in hemoglobin concentration and blood pressure, 
and circulating time. As explained above, a gi-eat change in either one 
of the two factors, that is blood pressure or hemoconcentration and a 
small change in the other one and vice versa, would affect circulating time. 

Circulating time was affected regularly bj" the infusion of saline, serum 
or plasma. The change reflected the efficacy of the fluid used, that is 
follovdng saline infusion, shortening of circulating time was of short dura- 
tion onlj’-, and following infusion with semm or plasma a prolonged improve- 
ment of circulation was observed. These effects were also reflected b}’’ 
the changes in hemoconcentration following the use of the three fluids. 

Effect of cortical lesions upon discrimination of direction. M. J. Oppen- 
HEiMER (by invitation) and E. A. Spiegel.^ Department of Physiology 
and Department of Experimental Neurology, D. J. McCarthy Foundation, 
Temple University, School of Medicine, Philadelphia, Pa. (Read by 
title.) 

Using a previously described method (Spiegel and Oppenheimer, Am. 
J. Physiol. 126 : 265, 1939) of developing conditioned reactions to angular 
acceleration and discrimination of direction of accelerated rotation in 
dogs, the effect of cortical lesions upon the retention of these reactions was 
studied. A compaiison of these e^eriments with a former series on 
acquisition of these conditioned reactions on dogs with cortical lobectomies 
(Oppenheimer and Spiegel, Proc. Soc. Exper. Biol. 46: 418, 1940) gives 
the following results. 

Ablation of . the frontal, parietal or temporal lobes does not definite^ 

* Aided bj' a grant of the National Research Council to E. S. 
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impair the acquisition of these reactions nor their retention for three weeks 
after the cortical operation. Cortical ablations may, however, impair 
the acquisition as Avell as the retention of discrimination of direction of 
rotation at low acceleration. This discrimination was recognized in 
experiments on labyi’inthectomized dogs as an important criterion of the 
analyzing function of the labyrinth. While the acquisition of discrimina- 
tion of direction is delayed particularly after bilateral temporal lobectomies, 
the retention of this drscrimination is impaired by ablation of the frontal 
as well as of the temporal lobes. 

Protection from cyclopropane-adrenalin irregularities by various drugs. 
0. S. Orth and C. R. Allen (introduced by W. J. Meek). Depart- 
ment of Physiology^ University of Wisconsin Medical School, Madison, 
In the dog during cyclopropane anesthesia the heart is so sensitized that 
its usual response to a standard dose of adrenalin (0.01 mgm./kgm.) is 
multifocal ventricular tachycardia; whereas, the same dosage administered 
to the unanesthetized, unrestrained animal as a control test never causes 
such tachycardia. It is believed that the cardiac sensitization is due to 
impulses over the thoraco-lumbar sjunpathetics from a sensitized (or 
anestheticaUy unsuppressed) h3q>othalamic center. Studies have been 
made to determine procedures which might be used to prevent such stimula- 
tion. 

Procaine hydi’ochloride 16 mgm./kgm. administered ^vith the standard 
adi'enalin dosage prevented ventricular tach}’’cardia. As measured by 
failure to obtain ventricular tachycardia upon succeeding injections of 
adrenalin, protection was present for not more than twenty minutes 
following the procaine injection. Smaller procaine doses (8 and 12 
mgm./kgm.) failed to protect. Quinidine sulfate 15 mgm./kgm. 
administered intravenouslj’’ 10-15 minutes before the standard adrenalin 
test gave complete protection and this persisted for at least two hours. 
Other methods of quinidine administration, even to higher total doses, 
were ineffective. Carbon dioxide in excess of 20 per cent in the anesthetic 
mixture gave complete protection from ventricular taehj’^cardia but lower 
percentages (5, 10 and 15 per cent) while no worse than the results when 
there was no CO2 in the cyclopropane, gave no evidence of protection. 
All of the above compounds probably acted by direct myocardial depres- 
sion. 

Ergotamine tartrate I to | mgm./kgm.; yohimbine hydrochloride -5 
mgm./kgm. andF883 (diethyl-aminomethjd-benzodioxane) 2.0 mgm./kgm. 
also gave complete protection. It is believed that these three drugs acted 
bj^ blocking the sj^pathetic impulses from the active hypothalamic center 
to the heart. 

Since smaller doses of quinidine and procaine pi’otect against chloro- 
form-adrenalin irregularities it is believed that the present tests offer 
further proof of greater sensitization of the heart b\' cj'^clopropane than bj"^ 
chloroform. 

Effect of body temperature on pancreatic secretion. S. L. Osborne 
(bj' invitation) and Harry Greengard. Department of Physiology 
and Pharmacology, Northwestern University Medical School, Chicago, III. 
The established therapeutic u.se of artificial fever and the more recent 
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trials of artificially induced subnormal temperatures have made pertinent 
an investigation of the effect of these procedures on the secretions of the 
body fluids. Therefore the alterations in pancreatic secretion produced by 
these means have been studied. Anesthetized dogs were given secretin 
at a constant rate in order to elicit a continuous and regular secretion. In 
one series of animals the body temperature was raised bj’- means of short- 
wave diathermy, and in a second series it was lowered, b3’’ immersion of the 
animals in a bath through which cold water was circulated. Raising the 
bod3’^ temperature resulted in an increased flow of pancreatic juice up to 
seven times the origmal rate, and lowering of the temperature operated 
to cause complete cessation of secretion. These findings are probabb' 
accounted for on the basis of alterations in circulation through the pancreas. 

Ovarian irradiation and mammary cancerA Seward E. Owen. The 

Cancer Research Unit, Veterans' Administration, Hines, III. 

Irradiation to the ovarian area of animals, in amounts sufficient to 
suppress fecundation has been termed the “castration dose”. In mice 
this dose is about one hundi-ed and fift3’^ roentgens. Earl3" ovariectom3* of 
breast cancer strain mice results in a gi'eatb’^ decreased subsequent incidence 
of mammaiy tumors. We find administration of the fecundation suppres- 
sion dose of X-ra3^ does not decrease subsequent development of mammaiy 


Incidence of breast tumors in irradiated mice {strain CtH, females) 
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cancer as well as ovariectomy. Ovarian irradiation below the fecimdation 
suppression amounts decrease subsequent incidence of breast tumors even 
though litters are raised following treatment, thus partial ovarian suppres- 
sion is lasting. Breast tumor incidence was approximately inverse^’" 
proportional to the x-ray dosages given. Irradiation was given at age 
four months (plus or minus two weete) after the mice had raised one litter. 
Histological controls (V) showed the mice to be non-cancerous at time of 

* Published under provisions of R. & P. 6727, Veterans Administration. 
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treatment. Standards for the deep x-ray were 140 20 ma., 1 mm. 

A1 and 0.25 mm. Cu. plus 3 mm. basswood, T.S.D. 50 cm., rate 17 r./min 
For superficial x-ray (S') 100 KV., 5 ma., 3 mm. basswood, T.S.D. 20 cm., 
rate 201 r./min. Lapse of one daj^ between repeated doses. Area ir- 
radiated was the ventral surfaces of the animals. Numbers of animals in 
the final groups in each series are perhaps too small for exact quantitative 
anal 3 'SLS but the trend is clear. 

Pharmacologic effects of a commercial meat extract on the isolated frog 
heart. Nello Pace (introduced by R. J. Main). Departmeni of 
Physiology and Pharmacology, Medical College of Virginia, Richmond. 
Frog hearts, cannulated through the sinus venosus, were perfused with 
cold-blooded Ringer’s solution for at least 30 minutes at room temperature, 
or until the preparation had stabilized. The heart rate and amplitude of 
contraction were measured at frequent inteiwals. When the heart was 
stabihzed, perfusion fluid containing the meat extract Avas substituted for 
Ringer’s solution. Observations were made for one hour or more and 
finally Ringer’s solution was perfused once again for at least another 30 
minutes in order to determine again the normal rate and amplitude. 

The experimental solutions AA^ere made up so that, as nearlj’- as possible, 
only one factor AA’as vaiied at a time. The pH and ion concentrations AA^ere 
adjusted to the ph 3 "siologic range in all cases. OAAung to the preponderance 
of potassium ion in meat extract, it AA'as not necessaiy to add potassium 
to most dilutions of meat extract used. The upper dilution limit of meat 
extract is determined bj'’ the potassium present and AA'as found to be a 
0.50 per cent solution of meat extract. This corresponds to 4 X 10“® M 
potassium ion. 

Greater dilutions (to 0.05 per cent) of meat extract shoAV a marked stimu- 
lation of amplitude of contraction (10 to 55 per cent increase in 26 hearts) 
AA'hich persists for at least tAvo hours. The rate is apparentlj’’ little affected. 
The active substance AA^as found to be dialyzable, heat-stable, soluble in 
70 per cent alcohol, and to possess a negatiAm charge at pH 5.6 but not 
at pH 2.0. Meat extract autoclaved at pH 2.0 no longer shoAvs this effect. 

Frog hearts AA'ere perfused AAath substances knoAvn to be present in meat 
extracts in an attempt to duplicate the increase in amplitude. Certain 
members pf the guanidine group gave results most comparable to that of 
meat extract. 

Manifestations of oxygen poisoning in dogs confined in atmospheres of 
80 to 100 per cent oxygen. John R.andolph Paine (by invitation), 
Angel ILeys and Davib Lynn (by inAutation). Department of Surgery 
and the Laboratory of Physiological Hygiene, University of Minnesota 
Medical School, Minneapolis. 

Dogs maintained in 99 to 100 per cent ox^’^gen developed respiratory 
distress AAithin 48 hours and died in about 60 hours. In 90 per cent 
oxj'gen thej’’ surviA'ed tAA'ice as long. In 80 per cent thei'' did not die but 
AA’ere definitely ill AA'hen sacrificed after one week. In these environments 
there veas a decline in the oxygen saturation of the arterial blood and a 
marked rise in hemoglobin concentration. Autopsies reA'^ealed extreme 
pulmonaiy congestion AA'ith interstitial edema and polymorphonuclear 
infiltration. In scA’eral dogs there AA-ere signs of right heart failure Avith 
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liver congestion. In some cases the pleural cavity contained fluid and 
fibrin. In all cases the spleen Avas intensely contracted, the intestines 
were empty and the stomach Avas distended. Control dogs maintained for 
a Aveek in the chamber AAuth 21 per cent ox3’^gen AA'ere entirety normal. 

In another series olDstraction AA^as produced just distal to a loop of the 
descending colon (4 dogs) or the terminal ileum (4 dogs) and gaseous 
distention developed spontaneously or Avas produced bj’’ introduction of 
air into the gut. These dogs Avere maintained in 90 to 100 per cent oxygen 
and 2 to 5 cc. samples of the intestinal gas Avere taken frequently for micro- 
anatysis. Ox 3 ’-gen concentration in this gas increased for about 36 hours 
and then tended to decrease to veiy Ioav levels before death coincident with 
large opposite changes in COo. These findings AAm'e consistent Avith the 
conclusion that ox 3 ’’gen poisoning begins to deA'^elop in dogs in 36 hours 
Avhen the partial pressure of oxygen breathed is 700 mm. Hg or higher. 

The excretion of sulfanilamide and endogenous urea by resting and 
stimulated submaxillary glands. Elizabeth E. Painter and Dorothy 
R. Chess (introduced by M. I. Gregersen). Department of Physiology, 
College of Physicians and Surgeons, Columbia University, New York 
City. 

Studies Avere made on 5 unanesthetized dogs AArith bilateral submaxillaiy 
fistulae. The “resting” secretion from each gland AA^as 0.01 to 0.03 cc. 
per minute for 4 to 5 h^ours. The concentration of sulfanilamide in saliva 
Avas compared Avith that in Avhole blood and in plasma at leA^els of 4 to 5 
mgm. per cent. Similar determinations AA^ere made for endogenous urea. 
l^Tien the concentrations are expressed per liter of AA^ateiythe sulfanilamide 
in salwa is 20 per cent below that in Avhole blood and 5 per cent above 
that in plasma. The urea concentration Avas 8-9 per cent beloAV that 
in blood. 

lATien the secretion AA'as increased to 0.2-0.4 cc. per minute by panting, 
the sulfanilamide in saliA’^a Avas 30 per cent beloAV that in Avhole blood. 
The concentration of urea AA^as also 30 per cent lower. The AA^ater content 
of the saliva showed no appreciable change. 

"V^Tien the Aoav AA^as increased to 3.0-5.0 cc. per minute by pilocarpine, 
the sulfanilamide and urea contents in saliva Avere 40 per cent below that 
in Avhole blood. It should be noted that increasing the rate of secretion 
has the reverse effect on the concentration of the electrotytes, sodium and 
chloride, in submaxillaiy saliva (Gregersen and Ingalls). With the pilo- 
carpine stimulation a marked drop in the Avater content of the saliva is 
observed. This returns gradually to the control water level Avithin one 
hour after stimulation and continues to rise tlu-ough the second hour as 
the sulfanilamide content in the saliva rises. 

Further data on the Avater content and sulfanilamide levels in saliva 
AA’^ere obtained from tAVO experiments in which adrenaline was injected over 
a period of 30 to 40 minutes at a rate of .0018 mgm. per kilo per minute. 
The submaxillar 3 ’^ secretion was 0.1 to 0.2 cc. per minute. The Avater 
content of the salwa Avas increased and the sulfanilamide and urea showed 
the same concentration as that in Avhole blood. It Avould appear that the 
concentration of sulfanilamide and urea in saliva^ varies not onl3'' Avith the 
rate of floAV, but is also dependent upon the Avater content. 
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Cinematographs of fetal behavior in bats. D. S. Pankratz (introduced 
by A. G. Mulder). Deparimenl of Anatomy, University of Mississippi, 
Oxford. (Motion picture demonstration.) 

Cinematographs have been made of bat fetuses ranging from earliest 
motilit 3 ’- to full term. 

In fetuses 11-12 mm. there was ventral and lateral flexion of upper 
trank accompanied bj’^ vdng movement. The “flip reaction” was present 
in the ving, and the snout was sensitive to fine bristle stimulation. Fetuses 
13-14 mm. showed head extension, opening and closing of mouth; and 
“flip reaction” and spontaneous movement in hindhmb. Bristle stimula- 
tion over ramp of hindlimb caused hindhmb extension in 16-17 mm. 
fetuses. In 17 mm. and older fetuses, gasping and extensor movements 
occurred when the cord was ligated or when the mother was djing. 
Tongue movement occurred at 18 ram. In fetuses 19 mm. and older 
bristle stimulation of vdng caused a t 3 'pical scratch reflex in ipsilateral leg. 
Tail movements appeared at 21 mm. Fetuses of 24 mm. bit on bristle 
or grasped it vdth their feet. Fetuses 25 mm. and older grasped cloth 
and righted themselves. Movements became more definite and quicker 
with approaching parturition. 

Desoxycorticosterone and corticosterone in the treatment of induced 
circulatory failure in the adrenalectomized dog. W. M. Parkins, 
W. W. Swingle, J. W. Remington (b3’- invitation) and V. A. Drill 
(b 3 ’’ invitation). Section of Physiology, Department of Biology, Prince- 
ton University, Princeton, N. J. 

Adrenalectomized dogs pretreated with intramuscular injections of 
desox 3 ’-corticosterone acetate (5 mgm. at 24, 18, 12 and 1 hour previousl 3 '') 
are highly resistant to massive hemorrhage. Eighteen to 26 cc. of blood 
per kgm. bod}^ weight ma 3 '' be withdrawn from these unanesthetized 
animals, at the rate of 10 cc. per minute, without lowering the arterial 
pressure. Thirty to 35 cc. per kgm. are required to reduce the blood 
pressure to shock levels of 40 to 48 mm. Hg. The blood pressure returns 
to normal levels, with blood dilution, nithin 12 to 24 hours. The removal 
of onl 3 ’’ 5 to 16 cc. per kgm. from untreated dogs produces a fall in blood 
pressure to shock levels. Adequate compensation by vasoconstriction 
and significant dilution of the blood from extravascular fluid does not 
occur either during or following the hemorrhage. Death follows within 
a few hours unless cortical hormone is administered. 

Although desox 3 'corticosterone acetate affords adequate protection 
against fatal circulator 3 ’’ collapse induced b 3 ’’ muscle trauma, intraperitoneal 
glucose injections and epinephrine infusion, it gives no protection against 
shock resulting from intestinal stripping (Am. J. Physiol. 132: 249, 1941). 
Recent exq^eriments show that corticosterone will adequately protect 
against the circulatory' failure resulting from this procedure. A relativeb’’ 
slight and transitory fall in blood pre.ssure was obseiv^ed with full recover}'’ 
vdthin 24 hours. 

In our e.xperience, dogs bilaterall}- adrenalectomized at one stage 
succumb within 10 to 24 hours unless large amounts of cortical extract 
are administered. Desox 3 'corticosterone pretreatment docs not prevent 
the collapse foUoving the surgical trauma when general anesthesia is used. 
When, however, in addition to the nembutal anesthe.sia, nerve plexuses 
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and sympathetic fibers in the vicinity of the glands are thoroughly bathed 
and infiltrated with novocaine, the dogs show only slight changes in blood 
pressure, remain active and eager for food, and survive indefinitely on 
daily maintenance doses of desoxycorticosterone. 

Influence of anterior pituitary extracts on protein and carbohydrate 
metabolism. Karl E. Paschkisi (introduced b3'^ J. Earl Thomas). 
De-partment of Physiology and Department of Medicine, Jefferson Medical 
College of Philadelphia. 

Extracts of the anterior pituitary gland enhance anabolism of protein. 
It has been generallj’’ assumed that this is a direct effect of the anterior 
pituitarj' gland. Mirsk}’- on the basis of his experiments believes that 
protein anaboUsm is due to insulin, the output of which is stimulated bj'^ a 
pancreatotropic action of the pituitaiy extract. Decrease of blood sugar 
following the injection of pituitarj'^ extracts has been reported (Weinstein, 
Harrison and Long). These findings W'ould tend to support Mu'sky’s 
theorjL 

The experiments on rats to be reported were carried out to determine: 
a. Whether the effect on protein metaboUsm (as indicated bj’’ decrease 
in blood urea N) and the blood sugar lowering effect of an anterior pituitary 
extract (Antiiitrin G., Parke Davis) %vere linked to one another. This 
should be expected if the effect on protein metabolism w^ere secondar3'' 
and due to pancreatic stimulation. 

h. Whether either of the two actions is mediated through the adrenal, 
c. Whether partial pancreatectomy would influence either of the two 
metabolic effects, as "would be expected if they w^ere mediated thu’ough the 
pancreas. 

All experiments w'cre carried out on rats fasted for about 16 hours. 
Man3’' of the intact animals responded with decrease of blood sugar. 
Decrease of urea N w^as present whether or not the blood sugar decreased. 
Also there is no parallelism of magnitude of decrease of the two con- 
stituents. 

The drop in blood sugar following injection of the extract seems to be 
smaller in adrenalectomized rats but the percentage of animals showing a 
decrease is about the same as in the first group. The decrease of urea N 
did not differ from that observed in the intact animal. 

In the parti all3'" pancreatectomized rats the decrease of blood urea was 
not different from that in the intact animal. Blood sugar decreased in 
some, in others there -was a marked rise. In this group glucose excretion 
and nitrogen excretion \vere also studied. Large doses of Antuitrin G 
increased the gl3'^cosuria slight^ but the nitrogen excretion was decreased. 

The results indicate an independent mode of action of the pituitary 
extract on protein and carbohydrate metabolism. 

Respiratory effects on the filling of the ventricles during vagal inhibition. 
Mary C. Patras (b3'' in-vitation) and T. E. Boyd. Department of 
Physiology and Pharmacology, Loyola University School of Medicine, 
Chicago, III. 

Ventricular volume w^as recorded by means of a cardiometer with closed 


' .T. Ewing Mears Fellow. 
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chest, the system being so arranged that external pressure on the ventricles 
follows the normal variations of intrathoracic pressure (see Bo3’-d and 
Patras, accompanjdng paper). Diastole was prolonged bj" vagal 
stimulation. 

During the expirator}’- pause the period of rapid filling is short and the 
cuiwe of diastasis relativelj'" flat. On the other hand, if the beginning of 
diastole coincides with the onset of inspiration, ventricular volume con- 
tinues to increase as long as intrathoracic pressure is falhng, the transition 
from rapid inflow to diastasis being dela3’^ed and much less clearl3’- marked. 
The final volume reached, in a diastole of given duration, is much greater 
during inspiration than during the exph-atory pause. The onset of either 
inspiration or expiration, if it appeai-s during the period of diastasis, 
immediatel3’’ changes the slope of the filling curve; with inspiration it 
becomes abruptl3’’ steeper, vdth expiration it is flattened. 

If the recording tambour moves in outside air, so that the ventricles 
are left under atmospheric pressure, the above effects are reversed. 

The reflex influence of the urinary bladder on the tonus and movements 
of the empty stomach of dogs. T. L. P.'\.tterson and L. E. Dunn 
(by invitation). Department of Physiology, Wayne University College 
of Medicine, Detroit, Mich. 

States of abnormal distention in certain of the hollow viscera, manifest 
reflex changes in the normal activit3' of the heart, stomach and respiratory 
mechanisms. This work is primaril}' concerned with the reflex influence 
of increased intra-urinary bladder pressures on the gastric hunger motor 
mechanism and the pelvic nerve pathwa3"S through which these influences 
are mediated. Fistularized dogs were emplo3’’ed and gastric tonus and 
motility were recorded b3’- the balloon manometer method, following fasts 
of 18 to 24 hours. After ascertaining the character of the tonus, motilit3' 
and time relations of the different phases of the empt3’- stomach, the dogs 
were provided with uiinary bladder fistulae for the purpose of inserting 
a condom balloon to increase the intra-vesicular pressure at the same 
time of registration of gastric motilit3L 

Later, neurectomy of either the “presacral,” hypogastric or pelvic 
\dsceral nerves was performed through a mid-line laparotom3^ Again, 
pressures were introduced in the urinary bladder and gastric niotilit3’’ 
recorded. 

Minimal intra-urinaiy bladder pressures necessary to elicit gastric 
reflexes varied slightly from day to da3’', and if pressures were high sub- 
jective signs occurred in proportion to the degree of distention (3'^awning, 
restlessness and salivation). Pressures less than 32-35 mm. Hg do not 
produce an3' reflex effects on the tonus or motilit3’’ of the empty stomach. 

Pres.sures above 38 mm. Hg ma3' reflexl}' cause one or more of the follow- 
ing: a, diminution in amplitude of the contractions; h, complete cessation 
of motility; c, loss of tonus; d, loss of tonus vdth inhibition; c, augmentation 
(slight) which rareb' occurs. 

Mter “prasacral” or h37)ogasti’ic nerve resection sliglitl}’^ grcatei' pres- 
sures were required to elicit gastric reflexes. Section of the sensoiy 
components from the bladder produced no more dramatic results than 
section of the pehde motor nerves in the sacral region. These result.s 
indicate that the cliief nerve pathwa3's concerned in gastro-urinar3' bladder 
reflexes are the "presacral.” 
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The non-alcoholic 17-ketosteroids of neutral urinary extracts.* William 

H. Pearlman (by invitation) and Gregory Pincus. The Physio- 
logical Laboratories, Clark University, Worcester, Mass. 

A simple method has been devised by the authors whereby micro 
quantities of 17-ketosteroids may be partitioned into alcohols and non- 
alcohols. As little as 50 micrograms of dehj'^droisoandrosterone ma}'- be 
recovered in 90 per cent Zimmerman colorimetric titre b}' an adaptation 
of the macro method of succinic anhydride esterification. Similar quan- 
titative recoveries were obtained when deh 3 ^droisoandrostcrone and 
androsterone were added to urinary extracts. 

The non-alcoholic 17-ketosteroid content of specimens of human urines 
was determined b}" this method. Procedm-es which are representative 
of those currentl 3 '’ emplo 3 '’ed in the acid-h 3 ’'drol 3 ’^sis of urine were compared. 
Significant quantities of such steroids were obtained regardless of the 
mildness of the procedure. Our finding that nonnal unli 3 "drolysed male 
urine is ver 3 ’^ low in non-alcoholic , 17-ketosteroid content indicates that 
such steroids exist chiefl 3 ’' in conjugated form or that they arise as artefacts 
from the h 3 '-drox 3 ' 17-ketosteroids duidng the course of hydrol 3 '^sis. 

The micro method of half-esterification udth succinic anli 3 ’^dride per- 
mitted us to make a quantitative stud 3 ’^ of the effects of acid Itydrolysis on 
hydi’oxy 17-ketosteroids. Considerable conversion into non-alcoholic 
material giving the Zimmeiman color reaction occurred. In the case of 
dehydroisoandrosterone the non-alcoholic fraction also gave a red color 
in the Rosenheim test. These results are significant in connection with 
the recent isolation of androstadienone-17 and androstenone-17 
from human urines. 

The method is useful in other phases of steroid investigations. In the 
case of the estrogens, micro quantities of non-ketonic estrogens, e.g., 
100 micrograms estradiol, can be quantitative^ separated from estrone 
since the phenolic h 3 'drox 3 d group not react with succinic anhydride 
under the conditions emplo 3 ’^ed (Schwenk and Hildebrandt, U.S.P. 2, 046, 
656, 1936). 

Decerebellation in the rat. Mordant E. Peck" (introduced b3’’ C. 

McC. Brooks). Department of Physiology, the Johns Hopkins School 

of Medicine, Baltimore, Md. (Motion picture demonstration.) 

The entire cerebellum ivas removed from fifteen rats. Eight of these 
animals lived two months or longer. Their deficiencies, therefore, were 
considered to be peimanent. Repeated studies justif 3 ' the following 
observations : 

I. Decerebellate rats maintain a broad base when walking and over- 
compensate when attempting to make an 3 ’' readjustments in their posture. 
During standing or sitting there is a h 3 q)erextension of the legs, an un- 
natural stiffness of posture and a general instabilit 3 '. The positive sup- 
porting reaction is exaggerated. When animals are suspended in the ah 
theh legs are abnormall 3 ’^ extended and rigid. 

2. Righting reactions are not noticeabl 3 ’’ deficient but the animals fail 
to make normal postural adjustments on landing. The result is an over- 
compensation wliich causes considerable rebound and oscillator 3 '’ motions. 

* Aided by grants from G. D. Searle & Co. and the D.nzian Foundation for Medical 
Research. 

- Henrj' Strong Denison Scholar. 
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3. Hopping reactions are delayed. The responses when they do occur 
are hypermetric, wdth the result that the legs are placed beyond the normal 
alignment. 

4. Placing reactions likewise show hj'permetria. In contrast to the 
normal, the decerebellate rat puts its paws beyond the edge of the test 
object then quickly withdraws them to the edge of the object. 

5. The effect of these deficiencies on the animals is shown by their 
activity on a cross-bar. Thej’’ are unable to maintain their footing, and 
hence to sit, walk or climb down noimall3L 

Four to six months after operation the decerebellate animals were 
sacrificed and their brains studied. It was found that in no case had the 
vestibular nuclei or adjacent parts of the mesencephalon been injured. 

The conclusion was dravni that the cerebellar sjmdrome in the rat 
consists of a marked decrease in activity, hj^permetria in movements 
invoMng the peripheral musculature, and a generalized incoordination. 
It was thought that manj^ of these deficiencies were different manifesta- 
tions of the lack of sjmergistic action in the opposing muscle groups. 

Basal metabolism in man after various doses of amphetamine sulphate. 

K. E. Penrod (introduced by Erma Smith). Department of Physiology, 

Miami University, Oxford, 0. 

After establishing the control levels for B. M. R. in each of 3 male 
subjects, (two obese and one of normal weight) the effect of amphetamine 
in 10, 20, 30 and 40 mgm. doses was determined bj’’ measuring the B. M. R. 
at 30 min. intervals for 3J hrs. after each dose. Pulse rate, oral temper- 
ature and respiratoiy rate were recorded during each test. 

All subjects showed slight increase in B. M. R. after the drug but sig- 
nificant elevations (4-10 per cent to 4-14 per cent) occurred o^y in the 
subject whose weight is normal and in him onty after the 30 and 40 mgm. 
doses. Pulse, temperature and respiration varied directty ivith B. hi. R. 

The influence of bile salts on active intestinal absorption of chloride. 

H. C. Peters. Department of Physiology, University of Tennessee, 

Memphis. 

Simultaneous active chloride absoiption from a control solution of 0.5 
isotonic sodium chloride and 0.5 isotonic sodium sulfate and a similar 
solution containing bile salts was studied in adjacent loops of lower ileum 
in anesthetized dogs. Sodium taurocholate and sodium glycocholate 
decreased chloiide absorption in concentrations of 1.5 per cent. Sodium 
deoxj'^cholate had this effect in a 0.2 per cent solution. 

Cholate determinations, bj* the method of Reinhold and Wilson (J. Biol. 
Chem. 96: 637, 1932), on the intestinal contents of acutely operated fat 
fed dogs, indicate that under phj'siological conditions concentrations which 
are toxic for the lower ileum do not exist in this region but do occur, liow- 
ever, in the duodenum. The lower ileum, where chloride is most rapidly 
absorbed against a concentration gradient, is apiiarently protected from 
the toxic action of bile salts by the diluting and absorbing function of the 
intestine above it. 

Factors controlling the growth of rabbit blastocysts.^ Gregory Pincus. 

The Physiological Laboratories, Clark University, Worcester, Mass. 

t Lv n trcruif, from ffir> "Vftftonnl Rpf.r>nrf!ii flniinril Onmmittcti for Problems 
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Cleaved rabbit ova fail to enter the blastocj^st stage when cultured 
in vitro in seram under anaerobic conditions. Blastoc 3 \st expansion is 
also inhibited bj" adding KCN to the culture medium (10-'' to 10-® M). 
It is deduced, therefore, that energ}' for growth is derived from aerobic 
oxidative sj’^stems. A systematic investigation was, therefore, under- 
taken of the role of the various components of the usual cellular oxidative 
sj^stems. The method emplo 3 ’^ed involved the culture of S-da}”^ rabbit eggs 
in blood semm under conditions involving a moderate blastocyst expan- 
sion. To the cultures were added various concentrations of theoreticall}" 
active substrates and of enz 3 TOe poisons. The results ma 3 ’- be summarized 
as follows: 1, glucose does not stimulate blastoc 3 '^st growth; 2, the glucose 
concentration of the semm medium does not appreciabl 3 '^ decrease over 
a period of four days’ growth nor does it change in cultures containing ova 
inhibited from growing b 3 ’’ poisons; 3, hexose phosphate fails to stimulate 
blastocyst growdh; 4, phosphogl 3 ^cerate is mildl 3 '' growth-stimulating; 
5, neither lactate, succinate, malate, fumarate nor glutamate proved 
growth-stimulating; 6, p 3 TUvate is growth-stimulating in concentrations 
of 10-^ M to 10-* M and grovdh-inhibiting in higher concentrations; 7, 
the grovdh-inliibiting effects of NaF are overcome b 3 ’^ the simultaneous 
addition of p 3 anvate; 8, the growth-inliibiting effects of iodacetamide 
(10“^ to 10“® M) are not overcome b 3 ’ the simultaneous addition of glucose, 
hexose phosphate, succinate, malate, fumarate or lactate, but are inyariabl 3 " 
overcome b 3 ’’ the simultaneous addition of glutathione or cysteine; 9, 
cysteine and glutathione are invariabl 3 '’ growth-stimulating; 10, partial 
growth inhibition is had with high concentrations of gl 3 ’^ceraldeh 3 ’-de and 
malonate, the effects of glyceraldehyde are overcome b 3 ’' pyruvate. It is 
concluded that energ 3 ’ for growth is chiefl 3 ' derived from the Meyerhof 
system of carboh 3 ^drate intermediaries, the role of sulfh 3 ’'dr 3 d compounds 
being to maintain an iodoacetate-labile enz 3 TOe s 3 ’’stem. The relation of 
these findings to progesterone-controlled growth in ntero will be indicated. 

Respiratory responses from stimulation of the medulla of the cat. Robert 

F. Pitts. Department of Physiology, Nciv York University College of 

Medicine, New York City 

Two years ago at the societ 3 " meetings at Toronto, evidence was pre- 
sented that the medullaiy respiratory center of the cat is composed of two 
di\dsions, both confined to the reticular formation of the caudal part of the 
medulla. A ventral insph-ator 3 '- center overlies the cephalic four-fifths 
of the inferior olivaiy nucleus while more doisally and slightl 3 '’ more 
cephalicall 3 '^ is situated an inspiratoiy-inhibitoiy or “expiratory” center 
(Pitts, Magoun and Ranson). Recentl 3 ’' the method of exploratory stim- 
ulation upon which the above conclusions Avere based has been criticized b3'' 
Brookhart (Am. J. Physiol. 129: 709, 1940), along tluee fines: 1, excessive 
spread of stimulus; 2, Avith such stimulus spread a functionall 3 ’^ meaningless 
differentiation of the respiratory center into antagonistic divisions; 3, 
criteria for differentiation of inspiratoiy and expiratoiy centers Avhich are 
too all inclusive. 

The degree of stimulus spread has been assessed b 3 ’- stimulation of the 
descending root of the trigeminal nerve in the medulla and recording the 
impulses conducted antidromicalty over the frontal branch of the ophthal- 
mic diATsion of the fifth nerve. Utilizing this method it has been found 
that the stimulus diminishes rapidl 3 '' in intensit 3 '’ OA'^er a distance of 0.5 
mm. fron the electrode tips. 
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An evaluation of the method of exploratoiy stimulation for the localiza- 
tion of the descending trigeminal root in its course through the medulla 
has demonstrated the adequacy of the method under the conditions of our 
experiments^ namelj’- bipolar needle electrodes, repetitive condenser dis- 
charges at a time constant of O'l millisecond and an intensity of 8 volts. 
A repetition of the localization of the respirator}’- center has yielded results 
in agreement Arith those originally reported b}’- us and summarized in the 
fet paragraph. 

The criteria for localization of inspiratory and expiratory centers; 
namely, maintained deep inspiration or maintained expiration have been 
examined in terms of the actmty of single fibers of the phrenic nerve. It 
has been found that stimulation of the ventral inspiratory center converts 
the bursts of repetitive impulses of phrenic fibers into a maintained repeti- 
tive discharge at a greater than normal frequency. Stimulation of the 
dorsal “expiratory” region causes a complete cessation of activity in 
phrenic fibers. 

Edema of the pancreas. H. L. Popper (by invitation) and H. Necheles. 
Department of Gastro-Intestinal Research, Michael Reese Hospital, Chi- 
cago, III. 

Experimental production of edema of the pancreatic gland Avas attempted 
in dogs. It is knoAvn that mere ligation of the ducts of the pancreas is not 
folloAved by edema. On the other hand, injection into the ducts of various 
substances and subsequent ligation of the duct is folloAS’ed by the formation 
of edema vuthin a few minutes. In our experiments, dogs A\’ere anesthe- 
tized, and either the main or the main and accessory pancreatic ducts 
ligated. Simple ligation Avas not followed by edema within sixty minutes. 
\\Tien a solution of 40 mgm. of secretin was administered intraA’^enously, a 
distinct edema spread oA’-er the entire pancreas within 3 to 5 minutes. In a 
number of control experiments secretin aa’us injected before ligation of the 
ducts, AATthout effect. Injection of mecholyl and eserine or of pilocarpine 
Avas not folloAved by pancreatic edema in animals Avith the pancreatic ducts 
ligated. This is explained by the inferior secretagogue effect of the latter 
drugs as compared to secretin. Injection of 0.05 cc. of dogs’ duodenal 
juice into and ligation of the pancreatic duct did not lead to edema of the 
pancreas. Subsequent subcutaneous injection of pilocarpine Avas folloAved 
by distinct edema of the pancreas. 

These experiments show that the formation of edema of the pancmas 
depends on the A'^olurae of fluid acciunulating in the gland. From previous 
experimental experience Ave assume that these retained secretions are 
activated Avithin the gland, because the edema fluid aspirated by puncture 
of the capsule contains highly actiA’-e and rather concentrated enzymes. 
The bearing of the above results on edema of the pancreas in the human 
seems eA'^ident. Obstruction of a pancreatic duct by gallstones or by a 
spasm of short duration may lead to edema of the gland if the latter is 
stimulated by secretin or other mechanisms. 

An in Autro study of lower vertebrate endocrine organs. Ethel G. Poris, 
Albert S. Gordon, Irving Lea^enstein and Harry A. CiiARpPER 
(introduced by Robert Gaunt). Department of Biology, Washington 
Square College of Arts and Science, Ncto York University, New York 
City. (Read by title.) 
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The techniques of Parker and Carrel have been emplo^^ed in studying, 
in tissue culture, the behavior of endocrine organs of Anohs carolinensis, 
Xcnopus lae^ds, Necturus maculosus and Rana catesbiana and pipiens 
tadpoles. 2 cc. of the medium which consisted generallj' of two parts 
adult guinea pig or rabbit serum, one part amphibian Tju-ode’s, and phenol 
red (0.005 per cent) were introduced into 75 cc. capacity Carrel flasks. 
About 5-10 whole organs or organ fragments were then placed into the 
medium. A gas mixture consisting of 92 per cent oxygen and 8 per cent 
carbon dioxide was led once dail}^ into the flasks. The pH was kept be- 
tween 7.2 and 7.5, and the temperature at 25°C. Among the organs suc- 
cessfullj’- maintained, for 4 or 5 day periods, were the pituitaiy, th 3 '-roid, 
testis and ovar}*- of Anolis, the pituitaiy and testis of Necturus, the testis 
and ovary of Xenopus, and the pituitaiy of Rana tadpoles. These results 
were, on the whole, more satisfactory than those obtained, under similar 
conditions, with mammalian endocrine organs (Levenstein, Gordon and 
Charipper. Proc. Soc. Exper. Biol, and Med., in press). Organs placed 
into amphibian Ringer’s, amphibian T 3 u-ode’s or in media containing less 
than 50 per cent serum revealed degeneration after 4-5 days. 

Further experiments Avere conducted on the testis of Anohs, After five 
days of cultivation, the tubules showed a marked increase in the numbers 
of spermatogonia and spermatocydes as compared with non-cultured 
control organs. Introduction of 5 or 10 R.U. pregnant mare serum 
hormone caused a stimulation of spermatogenesis but had no apparent 
effect on the interstitial tissue of cultivated immature Anolis testis. The 
development of Anolis testis was unaffected by estrone added to the flasks 
in 1, 5, or 20 I.U. quantities. Further experiments designed to test the 
effects of different hormones on various lower vertebrate endocrine organs 
are contemplated. 

Summation of spinal reflex action by intra-arterial injection of potassium 
chloride. Eugene L. Porter, Hugh Arnold (b 3 ’^ invitation) and W. 
H. Granger (by invitation). Deparlment of PJnjsiology, Medical 
School of the University of Texas, Galveston. 

Stimulation of the posterior tibial nerve through a liquid electrode of 
special form gives relatively uniform reflex contractions of Tibialis anticus 
muscle. These are recorded when stimulation is just above threshold. 
Stimuli are given rhythmically about once in four seconds. 

A bent hypodermic needle is inserted in the femoral arteiy. It is sup- 
ported and remains there throughout the experiment. A ver 3 ’' slow (1 
cc./min.) steady stream of Ringer Solution from a burette flows through the 
needle into the artery in order to keep the needle open. A three way 
stop-cock is included in the tubing from burette to needle. 

A dilute solution of Ringer -f- KCl is now injected into the artery through 
the stop-cock. The contractions of Tibialis anticus increase in height. 
This effect occurs only when the sensory nerve is stimulated. The in- 
creased height is therefore a summation effect, i.e., “sensation” from arteiy 
in added to “sensation” from the stimulated nerve. This summation has 
been obseiwed when the amount of KCl is only double the normal amount 
in Ringer’s Solution. This makes the concentration around 0.1 per cent 
KCl. This' is still further diluted b 3 '^ the blood flowing past the inserted 
hypodermic needle. 
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Similar injections of Ringer Solution or Ringer + CaCU have no effect 
or a veiy slight transitoiy one. 

The amount of KCl causing ''sensation'’ as indicated by summation in 
these experiments is approximately one-third that found % Moore (Am. 
J. Ph 3 ’'siol. 107; 594, 1934) when the criterion of sensation was actual 
movement and vocalization started the injection alone in the lightly 
anaesthetized animal. 

Phasic inflow patterns in femoral and carotid arteries.^ W. H. Pritchard 
(bj’’ invitation) and D. E. Gregg. Depariment of Medicine, Western- 
Reserve University, Cleveland-, 0. (Read bj' title.) 

Comparisons have been made of phasic inflow curves in femoral and 
carotid arteries of dogs by use of the orifice meter (Gregg and Green. Am. 
J. Physiol. 130: 114, 1940). These were recorded irith their respective 
pressure pulses. 

In the femoral arter 3 '^, with the onset of systolic pressure rise, the flow 
accelerates abruptl 3 ’' from zero, reaching a maximal velocit 3 ’' coincident 
with maximal S 3 ’-stolic pressure. The flmv then decelerates rapidly to the 
first incisura and then more graduall 3 ’’ to the diastolic dip where a small 
backflow is usually present. Subsequent^’’, the flow augments slowl 3 ’’, 
reaching zero or slightly positive values toward the end of diastole. 

The contour of the carotid curves resembles closel 3 ' the carotid pressure 
pulse and at no time does flow velocit 3 ’^ reach zero. 

The factors causing these differences are being studied. 

Blood flow in the right coronary artery.^ W. H. Pritchard (by invitation), 
D. E. Gregg, A. Rotta (by im’itation) and J. Dingle Kent (by invi- 
tation). Dcparirncni of Medicine, Western Reserve Universiiy, Cleve- 
land-, 0. 

The phasic inflow at the right coronaiy orifice has been deteimined in 
anesthetized dogs using the orifice plate meter (Gregg and Green. Am. J. 
Ph 3 ’^siol. 130: 114, 1940). This has been compared with the differential 
pressure curve simultaneous^' determined from direct measurements of 
aortic and peripheral coronaiy pressures. 

In good hearts the orifice inflow curve decreases mildly during isometric 
contraction, rises rapidly during ejection Arith the aortic pressure, reaches a 
peak during the middle of the rise of aortic pressure, and then abruptly 
declines during the latter part of S 3 'stole. Follovang the incisura, there 
ma 3 ’’ be a momentaiy acceleration of flow or a progressive deceleration of 
flow throughout diastole as the aortic blood pressure falls. This flow cun^e 
is patterned after the central coronaiy pulse and at no point in systole 
(or diastole) does the rate of flow approach zero as it so often does in the 
left coronary' artei^'. 

The oi'ificc curve is similar to the differential jiressurc curve in timing and 
contour but is slightly' greater during mid-sy'stole and most of diastole. 
These small differences are explained; in part ly the crroi's involved in the 
experimental determination and reconstruction of the two cui’vcs; in part 
by the compre.ssor action of ventricular muscle on coronary’^ vessels and the 
volume elastic efi’ects produced ly the aortic pressure. 

Further comparisons are being made between total inflow and differen- 
tial prc.'isurc curccs obtained under various dy'uamic conditions such as 

1 Aided by a prani from tlic Commonwe.'ilth Fund. 
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elevation of right ventricular and aortic pressure, cardiac venous occlusion 
and increased venous return. 

Effects of ions upon isolated nerve centers. C. Ladd Prosser. Uni- 
versity of Illinois, Urhana. 

The spontaneous actiAuty of nerve cental’s can be altered with respect to 
a, the number of active units; h, frequencj' of discharge of individual units; 
c, integration of units into summed rhythmic waves, and d, frequencj'’ of 
the' integrated waves. Various kinds of nen'e centers are affected differ- 
ently’’ by ionic variation of their medium. VTien crayfish abdominal 
ganglia are bathed Arith a saline solution low in potassium the gross spon- 
taneous discharge increases, due almost entirely to a great increase in 
number of active neurones. Solutions high in potassium have an opposite 
action. Bivalent cations have very*- little effect. Monovalent cations are 
effective to reduce the number of active imits in the follo^\’ing order: K > 
Cs > Rb > Na > Li. The anions Cl, Br, NO3, acetate, are 

wthout effect, indicating anion impemieabihty. Thiocyanate, and to a 
less extent iodide, are stimulating in action. The calcium-precipitating 
anions, citrate, tartrate, and sulphate, have a stimulating effect. A close 
correlation between spontaneity and resting potential is indicated. 

In contrast to the cray’fish abdominal ganglia the isolated cardiac 
ganglion of Limulus responds to high potassium wth an increase in fre- 
quency of discharge in single neurones and an increase in the gross fre- 
quency’’ of the cardiac rhy'^thm. Low potassium acts oppositely’’. Also 
unlike the cray’fish abdominal ganglia the potassium effects on the Limulus 
heart are readily antagonized by’’ calcium. The above results taken to- 
gether wth data on other systems (e.g., frog brain by Libet and Gerard, 
J. Neurol. 2: 153, 1939), indicate that a .spontaneously’’ active nerve center 
may be influenced in either or both of two quite separate ways by potas- 
sium. The number of active units (amplitude) or the frequency of dis- 
charge may’^ be affected. 

The influence of fats and related substances on the motor activity of the 
pyloric sphincter region and on the process of gastric evacuation. J. P. 
Quigley, I. Meschan (by' invitation), J. M. Werle (by invitation), 
E. W. Ligon, Jr. (by imdtation), M. R. Read (by' invitation) and K. H. 
Radzow (by’’ invitation). Department of Physiology, Western Reserve 
University Medical School, Cleveland, 0. 

Investigating in fasting trained dogs the mechanism by which fats re- 
tard gastric evacuation we have learned by’’ the triple balloon technic 
method of Meschan and Quigley’’ (Am. J. Phy'siol. 121: 354, 1938) (a bal- 
loon in the antrum, sphincter and bulb) that cream introduced into the 
duodemun causes motor inhibition of these three regions. Thus gastric 
evacuation is retarded because of the decreased pumping action of the 
antrum and in spite of the decreased resistance offered by' the sphincter 
and bulb. 

Employing fluoroscopic observations and optical registration of antral 
and bulbar pre&sures, Werle, Brody', Ligon, Read and Quigley' (Am. J. 
Physiol. 131: 606, 1941) obtained evidence that gastric evacuation results 
from a pressure gradient from antrum to bulb combined mth propulsive 
antral peristalsis. We have employ'ed the same methods and found that 
in fasting dogs, cream introduced into the duodenum preferentially' de- 
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pressed antral basal pressure so the antral-bulbar pressure gradient was 
reduced or even reversed. The degree and duration of the effect was 
related to the volume of cream administered. After introducing 300 cc. 
of a corn meal mush — ^BaS 04 mixture into the stomach, cream in duodenum 
produced the effects noted in fasting animals, but the magnitude of action 
was decreased. Larger volumes of cream were required to depress antral 
basal pressure and the antral-bulbar gradient was less frequent^ reveised. 
Retarded gastric evacuation was closelj’’ related to and primarily dependent 
upon suppression of antral propulsive peristalsis. 

Cream in the duodenum modified pressures and motilit}' of the sphincter 
region less in the fed than in the fasting animal. This was due in part to 
the exaggerated antral pumping activit 3 ’^ incident to gastiic distention in 
the fed animal, for a balloon containing 500 cc. of air placed in the stomach 
of a fasting animal produced results comparable to those noted in fed 
animals. Dilution and flushing out of the cream bj’ the chinne discharged 
into the duodenum also decreased the effect of cream in the fed animal. 
Prevention of tliis effect by duodenal drainage increased tlie effectiveness 
of cream in the fed animal. 

Further studies of the influence of certain steroid hormones on the diffusion 
of sodium and chloride into the peritoneal space. A. E. Rakoff 0^3’’ 
invitation) and A. Cantarow. BepartmenU of Obstetrics and Medicine, 
Jefferson Medical College and. Laboratory of Biochemistnj, Jefferson 
Hospital, Philadelphia, Pa. 

It has been demonstrated that administration of desox 3 'Corticosterone 
acetate or progesterone to dogs results in a marked increase in the rate 
of entrance of Na and Cl into 5.5 per cent dextrose solution introduced 
into the peritoneal space. The same effect upon diffusion of Cl was ob- 
served follovnng oral administration of desox 3 '’corticosterone acetate and 
intramuscular injection of estradiol, dieth 3 dstilbestrol and testosterone 
proprionate. The increased rate of diffusion of these ions was most 
marked during the first 30 minutes of the experiment. The effect of the 
hormones was usualR most pronounced 24-48 hours after their administra- 
tion, but could be demonstrated for as long as 96 hours. 

This phenomenon could not be demonstrated in rabbits foUovnng admin- 
istration of desox 3 ’^corticosterone acetate, progesterone or dieth 3 dstilbestroI. 
Pregnanc 5 ’^ did not material^ influence the rate of diffusion of Cl into the 
peritoneal fluid in rabbits. 

The experiments in dogs support the hyjjothesis that the effect of these 
hoiTuones in diminishing renal elimination of Na and Cl may be a reflection 
of an action exerted upon membranes in general. The failure to demon- 
strate a similar effect in rabbits indicates the presence of an important 
species difference in this regard. 

The effect of insulin on the metabolism of vitamin C.‘ Elaine P. Ralli 
and Soi> Sherry (b 3 ’' invitation). The Laboratories of the Department 
of Medicine, New York University College of Medicine, New York City. 
It has been reported previous^' (Plalli and Sheny) that on identical diets 
totalb' devoid of vitamin C, depancreatized dogs excreted less Antamin C 
than normal dogs. This was found to be related to the administration of 

J This research w.n.o .aided by a Rr.ant from the Josiah Macj', Jr. Foundation. 
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insulin which the diabetic dogs received to control the glycosuria. When 
insulin was injected into normal and diabetic dogs and into diabetic pa- 
tients, and the plasma levels of vitamin C were determined at short inter- 
vals, it was found in each instance that a fall occurred in the level of vitamin 
C of the plasma. The rapidity of this depended on whether the insulin 
was injected intravenously, intramuscularly or subcutaneous^. The 
decrease in the plasma vitamin C was accompanied by a decreased urinarj" 
excretion of the vitamin. It has now' been observed that insulin has no 
effect on vitamin C in mtro ; that the fall in the plasma level of vitamin C 
in the dog, an animal which ordinarily synthesizes this vitamin, is not due 
to any interference in the S3m thesis is of \4tamin C and thirdlj^- that insulin 
does not increase the utilization of vitamin C. Apparentlj’- the effect of 
injected insulin in both dogs and humans is to cause a redistribution of 
vitamin C between the blood plasma and the tissues. This is borne out 
by the fact that as the plasma level of vitamin C falls there is a concomitant 
rise in the level of vitamin C in the w^hite cell platelet layer. Only about 
30 per cent of the amount of vitamin C disappearing from the plasma could 
be accoimted for bj’’ the rise in the w'hite blood cell platelet layer. Analysis' 
of the 'vitamin C in the I’ed blood cells at the time the plasma level had 
fallen did not show anj’- increase in vitamin C. Other observers, (Crandon 
et al. and Butler and Cushman) have showui that the w'hite cell concentra- 
tion of ■vitamin C reflects most closely the concentration of vitamin C in 
the bod}’’ tissues. It seems probable to us, that the 70 per cent of vitamin 
C not accounted for passes mto the other bodj'- tissues. That the plasma 
vitamin C w'as shifted and not lost from the bodj’-, is suggested bj’- the fact 
that in experiments carried out for 12 hour periods it w^as found that after 
the fall in the plasma level and urinaiy excretion of vitamin C follownng 
insulin, there was later a rise in the plasma level above the original fasting 
level and a little later this returned to the original normal level. The 
urinar}’' excretion reflected the changes in the plasma. This suggests a 
release of the vitamin from the tissues after the effect of insulin has 
worn off. 

The relations of the absolutely refractory period, relatively refractory 
period and tension in isolated muscle fibers of the frog. Robert W. 
Ramsey and Sibyl F. Street (bj’- invitation). Department of Physiol- 
ogy, School of Medicine and Dentistry, University of Rochester, Rochester, 
N. Y. (Read bj" title.) 

Isolated uninjured muscle fibers of the frog were stimulated through a 
non-polarizable unipolar pore electrode by either direct current rectangular 
shocks or b}' condenser discharges wdth a duration (respectively, time 
constant) or 0.3 msec, corresponding to a 3 to 4 x rheobasic shock. The 
relatively rcfractoiy period w'as explored with test shocks, threshold at each 
point, up to a maximum of 25 rheobases. Isometric tension was recorded 
by photographing the magnified deflections of a quartz cantilever. 

The results and conclusions ^vere as foUow's: 

1. Both the propagated and local excitatoiy process have an absolutely 
refractory period varying from 12.5 to 5.00 sigma over a range of tempera- 
ture from 8.5° to 14°C. 

2. Modifications of twdtch tension brought about by change of tempera- 
ture or bj’’ the effect of previous activity are alwaj'^s accompanied bj'' corre- 
sponding charges in the duration of the absolutel.y refractoiy period. The 
correspondence is not alw'ays linear. 
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3. If at one temperature, the initial twitch tension to tetanus tension 
ratios for different fibers are plotted against the durations of their absolutely 
refractoiy periods an approximately linear relation results. 

4. At low temperature the tnntch tension approaches the tetanus tension 
in magnitude. Under these conditions an increase in the absolutely re- 
fractorj'- period is accompanied bj’^ an increased duration of the twitch 
rather than increased tension. 

5. The added increment of tension due to a second shock appUed during 
the relativel 3 ’’ refractory period of the first is not constant but increases to 
a maximum with increase in the interval betiveen the two shocks (provided 
the inten'^al is not so long that incomplete summation results). 

6. The rate of development of tension of the siunmated response from 
two shocks is greater the earlier the second shock falls in the relativelj’’ re- 
fractory period of the first. 

The relation of serum proteins to the effect of horse serum and serum 

ultrafiiltrate on tissue metabolism. David Rapport, Attilio Canza- 

NELLi, Gertrude Rogers (b}^ inrdtation) and Clement S. Dwyer (b}’’ 

invitation). Department of Physiology, Tufts College Medical School, 

Boston, Mass. 

In the folloudng observations, the O 2 consumption of guinea pig tissue 
slices, determined in the Warburg apparatus, is expressed in relation to that 
found when the tissue is respiring in a medium of 0.15 IM NaCl buffered 
with phosphate. 

a. Ijiver. In horse serum the Oo consumption is increased to a maximum 
of 125 per cent (the effect being roughlj’’ a straight line fimction of the 
proportion of serum in the medium). Horse serum proteins also increase 
the QO 2 , up to a maximum of about 45 per cent for serum globulin, and of 
about 35 per cent for serum albmnen. However, the protein-free ultra- 
filtrate of serum raises the O 2 uptake to the same extent as serum itself. 
The effects of serum globulin are not summated with either the effects of 
seiTim or of its ultrafiltrate. “Pasteurization” or boiling does not alter the 
effect of the ultrafiltrate. The presence or absence of glucose alters none 
of the above effects. 

b. Brain. The effects of serum protein in NaCl/P 04 are influenced bj' 
the presence or absence of glucose in the medium. MTien glucose is present 
both scrum globulin and serum albumen depress the brain O 2 uptake; when 
it is absent thc 3 " either have no effect or increase the O 2 . Both in serum 
and its ultrafiltrate (Avith or without added glucose) the brain O 2 uptake is 
lower than in NaCl/P 04 with glucose added, though much higher than in 
NaCl/P 04 without glucose. 

c. Kidney. Serum globulin raises the O 2 consumption of kidney’’ as 
much as 36 per cent, (average 16 per cent), but in some cases there is no 
stimulation at all. The presence of glucose in the medium abolishes the 
globulin effect, when obtained. Scrum albumen is without effect. Both 
serum and its ultrafiltrate, on the other hand, increase the O 2 consumption 
markedlA' (60 per cent) in the absence of glucose from the medium; less so 
when glucose is pre.sent in the latter. Glucose, which raises the O 2 uptake 
of kidne 3 ' in NaCl/P 04 (to a maximum of about 25 per cent), has no effect 
when the tissue is respiring in either serum or ultrafiltrate. 
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Interaction of adjacent intraspinal m amm alian axons. Birdsey Ren- 
SHA-w and Per Olof Therman (introduced by Herbert S. Gasser). 
Laboratories of The Rockefeller Institute for Medical Research, New York 
City'. 

The excitation of axons by the activity of adjacent axons, fu-st demon- 
strated by Bering (1882) in frog nerve, has been confirmed for intraspinal 
mammalian axons (cat). The ascending branches of dorsal root fibers 
lie in the ipsilateral dorsal column. After transection of the dorsal column 
at a level cephalad to the entry of a stimulated dorsal root, impulses in the 
ascending branches of the active fibers directly excite adjacent axons. The 
impulses in the secondary axons then travel antidromically (caudally) and 
emerge as a centrifugal discharge in dorsal root fibers adjacent to those 
which carried the centripetal voile}’’. The secondary impulses are initiated 
before post-sjmaptic spinal neurons become active; in fact, the centrifugal 
volley arrives at the recording electrodes only 0.1 to 0.3 msec, later than 
it would if the primaiy (conditioning) impulses had travelled in an unin- 
terrupted fiber path from the stimulating cathode cephalad to the region 
of the cut and back to the recording electrodes. 

The number of secondary fibers which are excited by a given conditioning 
volley decreases progressively with the time elapsed after transection of the 
dorsal column. After the primaiy volley has ceased to initiate secondaiy 
impulses, it continues to induce subliminal excitability changes in tested 
secondaiy axons. The subliminal changes may be measured by changes 
in the number of tested axons that are stimulated by a submaximal shock 
applied to the dorsal column. As Blair and Erlanger have showm for frog 
nerve, at loci some distance from an injured region the excitability of the 
tested axons is decreased as the primarj’’ impulses pass in adjacent axons. 
Only near the transection (vithin 5 to 7 mm.) are excitability increases 
induced by the primaiy impulses. These increases are largest 2 ± mm. 
caudad to the transection, and the}’’ occur during the period of negati^dty 
which is produced by the conditioning impulses. 

It is, therefore, inferred that the locus of the initiation of secondary 
impulses is within a few millimetei’s of the transection. The secondary 
impulses arise at approximately the time of arrival at tliis locus of the 
negative peak of the spike potential in the primar}’’ axons (350 words). 

Sensitivity of the smallest blood vessels in normal human skin: responses 
to graded mechanical stimulation in normal men.^ S. R. M. Reynolds, 
J. Di Palma (by invitation) and F. I. Foster (by invitation). Depart- 
ment of Physiology and Pharmacology, Long Island College of Medicine, 
Brooklyn, N. Y. 

By application of selected weights at appropriate rates of speed, it is 
shown to be possible to elicit threshold responses of the smallest blood 
vessels of the skin. Such a response consists of an uneven, incomplete 
line of red, resulting from vasodilatation, along the line of the stroker 
surrounded by a restricted region of pallor (vasoconstriction) ; a subthresh- 
old response is characterized by the vasoconstriction alone, superthreshold 
responses, by a continuous, well-defined line of hyperemia along the line 
of the stroker surrounded by a pale area. A machine is described by which 

‘ Supported grants from the Josiah Macy, Jr. Foundation and the Committee 
on Endocrinology, National Research Council. 
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these effects are easily obtainable at will. It is found that a typical time- 
intensity (strength-duration) cuiA'^e is obtainable. Fi’om this a coefficient 
of excitability is calculated. By experiment, the effect on sensitivity of the 
smallest blood vessels of partial and complete circulatoiy occlusion is 
measured. The fact is established that pronounced changes in sensitiviy 
occur udth anoxemia (a decrease in sensitmt 3 ’-) and hypercapnea (an 
increase in sensitivity) before anj’- important changes in cardiac or respira- 
toiy activity take place. With a change in surface temperature, about. a 
two per cent change in tlmeshold occurs per degree Fahrenheit. use of 
this technic, the effect of age, sex, climate, disease and phaimacologic or 
therapeutic procedures on the excitability of the smallest blood vessels 
can be estimated. 

The action of quinidine sulfate on the respiration of rat tissue slices. 

James C. Rice and Fred G. Brazd.a (introduced b 3 ’^ Clyde Brooks). 

De-pariments of Pharmacology and Experimental Therapeutics and Bio- 
chemistry, Louisiana State University School of Medicine, New Orleans. 

The stud 3 '’ herein reported is one of a series of related studies emplo 3 ’’ing 
the concept of concentration-action cmwes in the investigation of the 
fundamental mode of action of drugs on cells and on enzyme s 3 '^stems. In 
this case depression of ox 3 '^gen utilization, as determined b 3 ’- the Warburg 
technique, serves as the measure of action of the protoplasmic poison 
quinidine. 

In the presence of 0.2 per cent glucose in buffered saline (pH 7.4) the 
concentration-action curve relating the per cent of depression of ox 3 ’’gen 
uptake of rat kidne 3 ’' slices to concentration of the drug in the range 2 X 10“^ 
to 2 X 10“^ molar is gently convex with respect to the axis of the abscissa. 
The slope of the curve is steeper with low concentrations and becomes 
progressivel 3 ’^ less steep through the tenfold increase in concentration of the 
dnig. The range of depression for the concentrations studied varies from 
about 1 6 per cent to 40 per cent. 

The form of the curve suggests reversible changes, and not a preponder- 
ance of effects jiredicated on variability of the cell populations represented 
in the slices. 

Studies with liver slices which arc, as 3 'et, not completed, suggest a similar 
curve Avith a much steeper slope in the low concentration range. The 
slope becomes less steep AWth increase in concentration, but remains steeper 
than that of kidnc 3 ' slices. 

A simple fluorescence technic for demonstrating acid-fast bacteria. Oscar 

W. Rich.\rds. Research Department, Spencer Lens Co., Buffalo, N. Y. 

(Demonstration.) 

Filters, an aluminized mirror, and an intense, concentrated filament lamp 
operating at a low voltage have been devised for attachment to a monocular 
microscope to make possible the use of the fluorescence technic for the 
rapid identification of acid-fast bacteria. Under the ultraviolet radiation, 
acid-fast bacteria that have been .stained b\' carbol auramin and the back- 
ground decolorized b 3 ^ a special acid-alcohol appear as bright 3 'ollow bodies 
against an almost black background. The great contrast bcf.ween the self- 
luminous bacteria and the dark background pennits the organ isms._ to 
out stand brilliantly at a magnification of 400 diameters (8 mm. objective 
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and 20 X ocular or 4 mm. objective and 10 X ocular). The large visual 
field obtaining under these circumstances greatly facilitates the study of 
smears of sputum and other materials. (Staining is done at room tempera- 
ture and no counterstain is used.) Comparative studies of the fluore- 
scence technic and the Ziehl-Neelsen method have demonstrated that acid- 
fast bacteria can be detected in direct smears of sputum, spinal fluid, and 
purulent exudate by the fluorescent method when they can not be detect- 
ed by the Ziehl-Neelsen technic. The fluorescence technic has been found 
to be slightly more sensitive on du-ect smear than the Ziehl-Neelsen meth- 
od on concentrated sputa samples. More bacteria are seen due to a firmer 
combination of the auramin than the fuchsin with the mycolic acid of 
the tuberculosis bacteria. 

Intracistemal administration of picrotoxin. R. Kohn Richaeds, Clyde 
Geimes (by invitation) and Albeet Smith (by invitation). Abbott 
Laboratories, North Chicago, III. (Read b 5 ’^ title.) 

On account of the latent period following even an intravenous injection 
of Picrotoxin, the question of possible intracistemal injection in desperate 
cases of barbiturate poisoning is raised. Rice and Isenberger (J. Pharma- 
col. 59: 43, 1937) found that Picrotoxin intracistemal^'- shortens the 
respirator}’- paralysis folloiving intracistemal injection of Am 5 ’-tal in dogs. 
No data on intracistemal toxicity and therapeutic range are available. 
Rabbits were injected intracistemally with an 0.3 per cent solution of 
Picrotoxin, the total volume not exceeding 0.5 cc. All animals on wiiich a 
possible injury to the medulla or bleeding occurred were discarded. Three 
of 7 animals died on 7, 8 of 14 on 10, and 8 of 10 on 15 gamma per kgm. 
Thus, the LD50 is approximate!}’- 10 gamma/kgm. against 1.25 mgm./kgm. 
by intravenous administration. There is a latent period of only one minute 
until predominantly tonic coniuilsions start which later change into the 
typical Picrotoxin convulsions. If the animals are injected with 25 mg./kg. 
pentobarbital (Nembutal) intravenously 10 minutes before the intra- 
cistemal administration of Picrotoxin, the LD50 for the latter is raised 
to about 150 gamma/kgm. This is a wdder margin than can be obtained 
by the intravenous administration of Picrotoxin against the same dose of 
Nembutal. Similarly, the lethal dose of Nembutal can be somewdiat 
increased, by propcrl}’^ antagonizing it by intracistemal Picrotoxin admin- 
istration. "^Hiile improvement of respiration and tw’itching follow’S the 
intracistemal Picrotoxin injection of rabbits in Nembutal anesthesia, no 
real analeptic effect as evidenced by shortening of the sleep can be produced 
by this method. This is probably due to failure of adequate amounts of 
Picrotoxin reaching the higher centers. It is thought that in desperate 
clinical cases a cautious intracistemal administration of Picrotoxin may be 
tried and followed by the regular intravenous treatment. 

Studies on the toxic effects of stilbestrol with special reference to growth 
retardation. R. Kohx Richaeds and Kenneth Kuetee (by invita- 
tion). Abbott Laboratories, North Chicago, III. 

The question of toxic side actions of stilbestrol in humans and animals 
is still debated by various authom. Studies on white rats of different ages 
at the Abbott Laboratories, in which stilbestrol in oil w’as fed in doses up 
to 10 mgm. daily up to 60 days, failed to produce liver necrosis. The 
organ changes observed were the same as those which occurred wnth pro- 
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longed feeding of plain oil. Occasional bleeding occurred in the adrenals 
of old females. The retardation of growth observed with chronic adminis- 
tration of stilbestrol raised the question of whether this Avas due to a direct 
toxic action or an inhibition of the secretion of pituitary groAvth hormone. 
Male and female rats weigliing about 100-130 grams were fed with 2 mg. 
of stilbestrol daily until a definite drop of weight occurred. "V^Tiile this 
treatment was continued, 0.5 cc. of pituitary grondh hormone of the Wilson 
Laboratories was injected daily for 10 days. This resulted in a return to 
the normal groAvth rate for the duration of the injection period. Following 
cessation of these injections but with stilbestrol administration continued, 
the weight dropped again. Other experiments seem to indicate, however, 
that the growth depressing effect of stilbestrol becomes less on prolonged 
administration of this substance. It is concluded that the depression of 
growth is due to an inhibition of the growth hormone secretion by the 
anterior lobe. 

Calcium appetite of rats used to bioassay substances affecting blood 
calcium. Curt P. Richter and John R. Birmingham (by invitation). 
Psychobiological Laboratory, Phipps Psychiatric Clinic, Johns Hopkins 
Hospital, Baltimore, Md. 

Previous experiments showed that parathyroidectomized rats have a 
greatly increased appetite for calcium solutions. Some of the rats drank 
10 to 15 times as much of these solutions after parathyroidectomy as before. 
It has been found that the calciiun appetite is a very sensitive indicator 
of the activit}'- of substances which affect blood calcium. Diliydro- 
tachysterol (A T 10) given in the food reduced the calcium appetite witliin 
24 hours. Doses as small as 30 gamma per day sufficed to decrease the 
calcium appetite to its normal level. With this method we determined 
and compared the minimum amounts necessaiy to reduce the calcimn 
lactate appetite to its normal level for the following substances: irradiated 
ergosterol, irradiated cholesterol, crj’^stalline vitamin D 2 and Ds, cod liver 
oil, and parathormone. 

The variability of human stance patterns. Kathryn Riddle (by invita- 
tion) and F. A. Hellebrandt. University of Wisconsin, Madison. 
(Read bj' title.) 

The center of gravity of the body shifts incessantly during standing. 
IWien the stance is relaxed and comfortable the displacement may approach 
in magnitude the antei’o-posterior diameter of the middle third of the 
supporting base. The object of this experiment was to determine the 
influence of postural sway on the validity of a stance measure dependent 
upon instantaneous photography. Approximatelj’' 1000 observations were 
made on 7 young adult women. The stance was scored bj'^ the Wellesle}’’ 
method which statistically weights the antero-postcrior curvature of the 
spine, head poise, chest position and bodj’- lean. 

The subect stood for five minutes, during Avhich jihotographs were taken 
at .5 second intervals. The best stance attainable by strong voluntarj'^ 
effort, was compared with a natural, comfortable posture. As might be 
predicted a priori the maximal variations in score occurred in subject.s 
.showing the greatest involuntaiy shift in the center of gravity during 
standing. They ranged from 5 to 17 or a letter grade of A— to D. Sig- 
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nificant variations in alignment may occur within 5 seconds of time. li\^ien 
a relaxed stance is habituallj’" assumed, voluntary’' con-ection cannot he 
maintained and the alignment deteriorates progressivelj’-, commencing 
mthin the first half minute of standing. When the equilibrium is good and 
postural sway is minimal, relaxed and corrected postures are maintained 
vdthout sign of deterioration, and insignificant changes in stance score 
occur, being limited to the extremes of one letter gi-ade. 

Some effects of eschatin and acelyl choline on the contractions of striated 
muscle in the cat. Sarah R. Riedman (by invitation) and Helen C. 
Coombs. Department of Hygiene, Brooklyn College, and the Department 
of Physiology, New York Medical College, Flower and Fifth Avenue 
Hospitals, New York City. (Read b 3 ^ title.) 

In a previous paper, the effects of changes in the concentration of calcium 
were discussed in relation to the metabolic processes in muscle, as indicated 
by its working power and the onset and degree of contracture. 

In this series of expeilments, follovdng the procedme outlined in the 
earlier paper,i the effects of stimulating the rectus abdominis in the cat 
were studied under the influence of eschatin and acetyl choline. (Nem- 
butal was used as the anaesthetic.) I^Tiile still in vascular continuity -with 
the general circulation, excitation of the rectus abdominis was done with a 
constant strength of stimulus at the rate of one per second. The con- 
tractions were recorded continuous!}’’ before and after intravenous injec- 
tion of 2 cc. of eschatin (Parke Da^ns). The work perfoimed was computed 
and the onset of contracture observed. 

The tabulation of a tjqiical experiment follows: 


EXPERIMENT 

WOBK DONE (oil. CU.) 

PER CENT VARIATION 

Control roctuB 

Rectus after eschatin 

20 

3477 

7060 

Plus 103 


In a series of ten experiments, the increase in working power of the muscle 
follo'^’ing administra’tion of eschatin ranged between 30 per cent and 164 
per cent. Four control experiments show that the light and left rectus 
perfomi practicall}’’ the same amount of work and maj”^ be used inter- 
changeably. For example, in experiment 13, the right rectus performed 
6068 gm. cm. and the left rectus 5885 gm. cm. of work — a variation of 
approximatelj’’ 3 per cent. The shape of the cuiwe obtained seems to bo 
characteristic of the animal. 

The effect of eschatin on the onset of contracture appears with the same 
consistency as the effect upon the work perfoimed — namel}’^, that con- 
tracture in the experimental muscle either totallj’^ disappears or is markedlj’’ 
reduced, and the onset of fatigue delaj'ed, in comparison with the control 
muscle. 

When acetyl choline is administered in the same manner, possiblj' due 
to its rapid dissociation, the effects are less marked than ivith eschatin, 
although there is a definite increase of the total work perfoimed (from 4 
to 29 per cent) (six experiments). Moreover, the onset of contracture 

' H. C. Coombs, F. H. Pike, nnd D. S. Searle. Endocrinology 19: 421, 1935. 
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appears early in the curve and is much exaggerated; with eschatin, con- 
tracture is almost absent. 

A more detailed report is in preparation. 

Quantum efficiencies of photosynthesis. Foster E,ieke (introduced 
by E. M. K. Geiling). University of Chicago, Chicago, III. 

Quantum efficiency measurements have been made on thin suspensions 
of unicellular green algae. The advantage in using thin suspensions (ap- 
proximately 30 per cent absorption) is that one avoids excessively large 
corrections for respiration. The absorption of light by such suspensions, 
which scatter as well as absorb light, can be measured accurately and 
conveniently in an integrating sphere. Efficiencies have been measured 
both for the usual aerobic photosjmthetic process in which CO2 is absorbed 
and one equivalent of O2 developed, and for the anaerobic process in which 
CO2 and two equivalents of H2 are both absorbed. 

The efficiency for O2 production is found to be very nearly one O2 mole- 
cule per twelve quanta absorbed. This value is obtained consistently 
under a rather ^vide range of conditions and is in agreement mth values 
recently published from other laboratories. The efficiency for the 
anaerobic assimilation varies with many factors; apparently under the 
most favorable conditions one molecule of H2 is taken up for approxirnately 
six quanta absorbed. Since the photosjmthetic quotient CO2/O2 is —1 
and the quotient CO2/H2 is -i-f, the maximiun efficiency, expressed m 
terms of CO2 assimilated, is the same for both the aerobic and the anaerobic 
assimilation. 

\ 

The effects of iodine ingestion on the metabolism of normal animals. 
Gordon C. Ring. Department of Physiology, The Ohio State Univer- 
sity, Columbus. 

In the hyperthyroid patient, the ingestion of small amounts of iodine 
usually causes the basal metabolism to drop. On the other hand, the 
metabolic effect of iodine in normal animals and man is very slight. In 
rats, supplying as much as 25 mgm. of Nal daily in drinking water over a 
period of three weeks, failed to stop the normal growth and did not change 
the basal metabolism. However, when such animals were placed in a 
refrigerator at 4°C., they survived for only a few days because they were 
unable to bring about increased thyroid acti\dty which would elevate their 
metabolism. At nornial temperatures, rats were able to tolerate eight 
times the above daily dose of Nal. This did not produce a lowering of 
metabolism unless there was a loss in weight. The withdrawal of iodine 
resulted in a subnormal metabolism Avhich continued for three weeks or 
more. 

Potassium chloride and pontocaine applied superficially and injected deeply 
mto ventricular muscle bands. Jane Sands Robb, M. S. Dooley (by 
invitation) and Robert C. Robb (bj-- invitation). Department of 
Pharmacology, College of Medicine, Syracuse University, Syracuse, N. Y. 
The two superficial muscle bundles which encompass the entire heart 
arc readil}' available for surface studies and in their deep papillary portions 
can be impregnated without invohnng more than one muscle at a time. 
Near the Pulmonary conus there are fenestrae in the superficial sinospiral 
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through which the deep sinospiral can receive surface application. Elec- 
trocardiograms were taken in dogs during such surface application and 
after recovery, also during and after deep injections. The injected fluid 
was colored with India ink so that at autopsy the area injected could be 
identified. Three leads ivere recorded simultaneously. Control records 
where normal saline was injected produced minimal shifts of the S-T seg- 
ment which rapidl}’’ disappeared. When either M/5 KCl or 0.5 per cent 
Pontocaine were apphed to the surface by bits of filter paper, or injected 
deepty into a muscle bundle, the same S-T shifts characteristic of anemic 
infarcts in the same muscles were found. Wlienever, at autopsy, the 
pigment was localized to one muscle alone, the magnitude of the S-T shift 
was greater for the deep injection than for the surface application. When 
more than one muscle was infiltrated, the S-T shift was sometimes less ia 
amphtude than that obtained by surface apphcation to a single muscle 
band. The deep bulbospiral muscle never approaches the surface. Injec- 
tions into this muscle produced maximal upward shifts of the S-T segment 
in all three standard leads. In work now in press elsewhere it is reported 
that undue stretching of these muscles b}’- increasing the aortic pressure 
also produces the S-T shifts preidously reported as characteristic of lesions 
in these muscle bands. Hence by three types of experiment, muscle bundle 
localization has been demonstrated. It is thought that injection into a 
deeper portion of a muscle is more effective since there (e.g., in the papillaiy 
muscles) the conducting pathways are massed into a smaller cross-sectional 
area. If sufficiently large surface areas are treated, and the same number 
of pathways intercepted here also very large amplitudes of S-T displace- 
ment can be obtained. 

Some reactions of curare in liquid ammonia. Richard G. Roberts, 

A. Wm. Jackman and Roy A. Hecht (introduced by L. B. Nice). De~ 

parimeni of Physiological Chemistry, Chicago Medical School, Chicago, 

III. (Read by title.) 

In previous work (Am. J. Physiol. 119: 391, 1937) it was sho\vn that 
liquid ammonia can be used for the fractionation and conjugation of bio- 
logical substances such as adrenafine. This work has been extended to the 
study of curare. 

Curare (Merck) was not inactivated by contact with liquid ammonia 
for 48 hours, and after four 100 cc. extractions on a 0.5 gram sample one- 
half of it had passed through a 3-G sintered glass filter. All filtrations 
were carried out in a closed system of Dewar flasks to exclude air and 
moisture. When 1 gram of glj’-cine was added to 0.5 gram of curare in 
liquid ammonia a %dgorous exothermic reaction was started that lasted for 3 
hours, and practically all of the material passed the 3-G filter on one extrac- 
tion. The fraction of curare soluble in liquid ammonia forms a black and 
shiny plate on the wall of the Dewar flask while the insoluble fraction 
remains as an amorphous, very porous, tan-colored powder. 

In water curare forms a coarse suspension, but curare treated first with 
liquid ammonia forms an extremely fine dispersion in water and after 
treatment with both liquid ammonia and glycine it forms an aqueous 
solution. AH fractions were found to be biologicall}'' active although the , 
activity varied greatly among the different fractions. The biO-assay was 
made upon frogs. 
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Ah anomaly in the. hemoglobin absorption spectrum produced by suspen- 
sions of red cells. Ellis J. Robinson (introduced Eric Ponder). 
American. Cyanamid Co., Stamford, Conn. 

Using a Hardy-General Electric recording spectrophotometer, the ab- 
sorption spectrum of hemoglobin, both in solution and in suspensions of red 
cells, has been investigated over a wavelength range of from 4000 to 7000 
A. When a solution and a suspension contain the same total amount of 
hemoglobin, the latter, as a result of light lost tlunugh scattering, absorbs 
more strong!}* than the former between 4600 and 7000 A. Over this 
wavelength range the light lost through scattering by the suspension is 
constant, and when due correction is made for this loss, the molar absorp- 
tion coefficients of the hemoglobin in solution and the hemoglobin in the 
cells are the same. Below this wavelength, even when allowance is made 
for scattering losses, the absorption coefficient of the hemoglobin witffin the 
cells decreases sharpl}’-, until, at 4140 A (the Soret Band) its value is onl}’’ 
one-half of that of the hemoglobin in solution. Below 4140 k it com- 
mences to rise again and at 4000 A, the lowest wavelength which has been 
investigated, it is still rising (perhaps approaching unit again as a final 
value). 

Variations in the pH of the suspending medium between 6.0 and 7.8 
have no effect on the magnitude of these changes. The changed absorp- 
tion coefficient is still observed when the hemoglobin is changed to 
methemoglobin by the addition of sodium nitrite or to carboxjdiemoglobin 
by passing carbon monoxide through the initial blood, although in these 
cases the position of the absorption maximmn is slightly shifted. 

The observation of Adams, Bradley and Macallum (Biocheni. J. 28: 
482, 1934) that the Soret band is absent from the absorption spectra of 
suspensions of red cells has not been confirmed. 

Metabolic adaptations to exhausting work as affected by training. S. 
Robinson (introduced bj’- Paul M. Harmon). Department of Physiol- 
ogy, Iridiana University, Bloomington. 

Nine previously untrained college men were trained for middle distance 
running during a period of 28 weete. Timed races on the track were held 
each week and showed consistent improvement in the running ability of the 
men. Exhausting runs of 3 to 5 minutes duration on a motor driven tread- 
mill were repeated at intervals of 2 to 3 weeks during the training period. 
In the treadmill experiments the average maximal O 2 consumption in- 
creased graduall}’^ from 52.8 to 60.2 cc. per kgm. per minute during training. 
Sugar in venous blood drawm 5 minutes after the exhausting runs on the 
treadmill was markedly elevated above basal values but showed no change 
attributable to training. Blood lactic acid after the runs increased gradu- 
ally from an average of 13.2 mEq. per liter before training to 18 at the end 
of training. During Avork the apparent elevation of R.Q. above unity 
was associated with the rate of lactate accumulation. Its negative correla- 
tion Avith the time required to exhaust the men Avas therefore greater than 
its direct correlation Avith the final lactate A'^alucs attained. The increased 
ability of the men to accumulate lactate in A\*ork aahs accompanied by 
corresponding decreases in al\*eolar CO 2 tcn.sion during work and in alkaline 
reserA'e of the blood after Avork. Basal alveolar CO 2 tension and alkaline 
rescrA'e AA-ere unaffected by training. In corresponding basal and work 



PROCEEDINGS 


P429 


bloods the increases in lactate were uniformly greater than the decreases 
in alkaline reserve. 

The effect of indole-3 acetic acid on tumor respiration. T. W. Robinson 
and A. B. Taylor (introduced bj’- F. R. Steggerda). Deparlmenis of 
Zoologrj and of Physiology, University of Illinois, Urbana. 

The respiration of fine suspensions of both spontaneous and transplanted 
mouse tumors in 0.9 per cent saline and in saline to which various concen- 
trations of indole-3 acetic acid had been added was measured mth the 
Barcroft- Warburg respirometers. 

Relatively large variations in the rate of ox 3 ’-gen consumption of the 
various tumor suspensions occurred and these could be correlated in part 
vdth the H-ion concentration of the suspension. The oxygen uptake per 
gi’am per hour of the transplanted sarcoma was considerably less than that 
of the spontaneous mammary carcinomas. The oxygen uptake of the 
sarcoma increased when the suspension was more alkaline. 

Inliibition of nomial respuation of both types of tumor always occurred 
after the addition of indole-3 acetic acid. The degree of depression depends 
upon the concentration of indole-3 acetic acid added and even more upon 
the actual concentration of the active acid present at any given pH. The 
indole-3 acetic acid is apparently effective onty in the imdissociated acid 
form. The inhibition is a hyperbolic function of the concentration of the 
active acid. We used a maximum concentration of 7.45 X 10“® mg./ml. 
(4.52 X 10“® moles) of active indole-3 acetic acid and obtained a maximum 
inhibition of 42 per cent of the respiration in the controls. 

The blood pressure response to renin and angiotonin in normal and 
nephrectomized dogs.^ S. Rodbard- (introduced by L. N. Katz). 
Cardiovascular Department, Michael Reese Hospital, Chicago, III. 

Recent studies have indicated that the chemical mediator of renal hyper- 
tension is destroyed at a rapid rate only by the metabolic processes occur- 
ring in the Iddney; extrarenal tissues have comparatively little effect in 
eliminating the effect of the mediator. Since hypertension is dissipated 
more rapidly after removal of the ischemic kidnej’^ when a normal kidney 
remains than in animals vdth no remaining Iddnej'' tissue, a method can be 
established for the evaluation of various agents suggested as possible fac- 
tors in the production of renal hypertension. In other words, the mediator 
of renal hypertension must have a more prolonged action in totall}’’ nephrec- 
tomized dogs than in those with remaining nonnal kidney tissue. 

Blood pressures were determined on 20 trained unanesthetized dogs 
with the Hamilton manometer. Nephrectomies were performed using 
aseptic technique. Renin prepared according to the teclmiques of Landes 
and of Helmer and Page, and angiotonin prepared according to the method 
of Page and Hehner were used.^ The first injection was made several hours 
before total nephrectomy, injections of a similar amount of the agent were 
made at 24 hour intervals, and blood pressures Avere photographically 
recorded until the pressor effect Avas dissipated. Although both systolic 

^ Aided by the A. D. Nast Fund for Cardiac Research. 

® Eli Lilly Fellow. 

^ We are grateful to Dr. I. H. Page for supplies of renin and angiotonin. 
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and diastolic pressures were recorded, particular emphasis was placed upon 
the latter since it is a better indicator of peripheral resistance. 

Injections of renin into seven dogs resulted in a similar response in terns 
of intensity and duration of pressor action before and after nephrectomy. 
In three other dogs after nep^ectomy the intensity of response as measured 
by the height of the blood pressure level was not increased, while the dura- 
tion of the pressor action was prolonged. 

Injection of angiotonin into eight dogs resulted in a similar response be- 
fore and after nephrectomy. In two other dogs an increased intensity 
and duration of the pressor effect after nephrectomy was observed. 

These results fail to support the view that renin and angiotonin are 
agents directly responsible for renal hj^iei-tension. 

Some properties of striated muscle revealed by veratrine. A. Rosen- 
BLUETH, H. Hoagland and J. H. Wills (b}’- imutation). Harvard 
Medical School, Boston, Mass. 

The slow potentials of striated muscle may be associated Awth propaga- 
tion of muscle impulses or with contraction. The relations between muscu- 
lar conduction and contraction are an open question. 

With progressively larger doses of veratrine the spike potential and the 
residual negativity increase; the mechanical response first increases, then 
decreases considerably. The increased contraction is due to repetitive 
bursts of spikes. 

With small doses the first spike is normal, the residual negatmty mod- 
erate, and the tetanic contraction markedl}’’ increased. With large doses 
the first spike is increased, the residual negativity may attain over 100 
per cent of the spike amplitude, and the tetanic tension, although pro- 
longed, may be less than that of the original twitches. 

The discrepancy betw’^ecn residual negatmty and tension indicates that 
the negativity is largelj'- a conduction phenomenon — i.e., a negative after- 
potential. The discrepancy between spike and tension supports the 
conclusion that conduction and contraction are independent. 

The effect of thymoxyethyldiethylamine on various pain thresholds with 
special reference to referred pain. Sol Roy Rosenthal, D.wid 
Minard and Edward Lambert (introduced by G. E. Wakerlin). De- 
parlment of Pathology, Bacteriology and Public Health and Department 
of Physiology, University of Illinois, College of Medicine, Chicago. 
Thymoxethyldiethylamine raises the cutaneous threshold for pain in 
dogs to pinching, pricking and electrical stimuli. There is no loss of con- 
sciousne.ss, slight or no ataxia, and no loss of knee, pupillary or abdominal 
reflexes. The threshold of the saphenous nerve trunks, as determined by 
the Hanmrd Inductorium, is not altered, while that of the raesenttyic 
neiwms is raised or abolished. In 27 dogs it was found that the electrical 
threshold for pain of the parietal and visceral peritoneum and mucosa 
of the intestine was raised or abolished following the administration of the 
drug and more or less paralleled the cutaneous electrical threshold for pain. 
These preliminarj- results suggest the possibility that in the dog, under the 
conditions of the.se experiments, pain produced by electrically stimulating 
the mesenteric nerves is referred through the skin. 
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Oxygen and carbon dioxide secretion in tbe swimbladder of the rockbass, 
Ambloplites rupestris, and its relation to hydrostatic pressure. How- 
ard H. Rostorfer (introduced by Gordon C. Ring). Zoology and 
Entomology Deyarlment, The Ohio State University, Columbus. 

The secretion of oxj'^gen into the swimbladder of many fishes is well 
established, and the secretion of nitrogen has been suggested. In order 
to better understand what causes gases to pass into the sndmbladder, the 
relation between the hydrostatic pressure of the environment and the 
pressures of the gases in the swimbladder has been studied. The results 
show that oxj’^gen and carbon dioxide pressures increase vuth corresponding 
changes of hydrostatic pressure, but that the nitrogen pressure in the svum- 
bladder is not appreciabty changed. Its presence can be accounted for 
on the basis of diffusion. Carbon dioxide, probably produced by the gas 
gland, drives oxygen out of combination with hemoglobin and thus raises 
its tension sufficientlj’’ to allow the ox 3 ’^gen to diffuse into the svdmbladder. 
When the partial pressures of the O 2 and CO 2 in the swimbladder are 
plotted against the total pressure (h 5 ^drostatic plus atmospheric), each 
forms a curve which tends to level off at higher pressures. These curves 
have a definite relationship and indicate the blood origin of the two gases. 
During the first two hours of adjustment CO 2 and O 2 are almost equally 
important in bringing about an adjustment to increased hj'^drostatic pres- 
sure, but later, after the fish have apparentl}’^ reached a state of equilibrium, 
CO 2 is removed while O 2 continues to increase. It is probable that the 
high COo partial pressure, through local action, causes a dilation of the 
“oval” allo-wing CO 2 to leave, favored bj’’ a high coefficient of diffusion. 
At a total pressure of 2225 mm. Hg the final adjustment of the swimbladder 
resulted in a gaseous composition of from 1 to 2 per cent CO 2 , 60 per cent 
O 2 , and 38 to 39 per cent N 2 . ^^^len the total pressure was reduced to 540 
mm. Hg all gases were partiallj'- removed from the swimbladder, the final 
composition being 0.77 per cent CO 2 , 4.2 per cent O 2 and 95 per cent No. 
The re.sults show that oxygen is responsible for the greater portion of the 
adjustment to changes of hj^drostatic pressure. 

Relationship between calorimetric determinations of the upper extremities 
and the basal metabolic rates of normal subjects. Grace M. Roth, 
E. V. Allen (bj* invitation) and Charles Sheard. Department ojf 
Clinical Investigation and Division of Internal Medicine, the Mayo Clinic, 
and Division of Biophysical Research, the Mayo Foundation, Rochester, 
Minn. 

The rate of elimination of heat from the upper extremities of seventeen 
noimal subjects was mea.sured in a calorimeter. The group consisted of 
fourteen men and three w’omen. The studies w-ere made in a room in 
wffiich the temperature -was controlled at 25°C. and the humidity at 40 
per cent; the w'ater in the calorimeter ^vas at initial temperatures of 21.5°C. 
or 31.5°C. respectivety. 

By immersion of one extremity in Avater at 45°C. during the period of 
measurement of the heat eliminated from the other extremity, vasomotor 
control of the blood flow of the extremities Avas removed and practicalty 
complete A’^asodilatation AA-as accomplished. 

On the same day, preceding the calorimetric studies, basal metabolic 
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rates were deteiniined and measurements of the skin temperatures of the 
extremities were made. 

A fairly close correlation was foimd in the various data obtained, par- 
ticularly between the basal metabolic rates and the rate of elimination of 
heat from the upper extremity. 

A comparison between the human vaginal smear assay and the urinary 
extract assay of estrogen. Boris B. Rubenstein and D. R. L. Dun- 
can (by in^dtation). Department of Metabolism and Endocrinology, 
Michael Reese Hospital and the Department of Physiological Chemistry, 
University of Chicago, Chicago, III. 

Vaginal smears and 24-hour urines were collected daily for a menstrual 
C 3 ^cle of each of five patients. The urines were extracted and assayed on 
immature female mice b}’’ the method of Evans, Varney and Koch, for 
estrogen. The dailj’’ vaginal smears -were prepared and studied for the 
cell types described pre\dously. A scheme of estrogen equivalents was 
proposed: Cell t 3 ’'pe 8 equals Estrogen = 0; cell t 3 'pe 1 = Estrogen I; 
cell t 3 ’-pe 2 = Estrogen II; cell type 3 = Estrogen III; cell type 4 = Estro- 
gen IV; cell type 5 = Estrogen IV; cell t 3 q)e 6 = Estrogen II; cell t3’^pe7 = 
Estrogen I. Smears consisting of combinations of various cell types were 
given intermediate evaluations. Cun’-es are presented compaiing the 
mouse uterine weights and vaginal smear assay which indicate the com- 
parability of the two methods. These results further suggest that urinar 3 '- 
excretion of estrogen is proportional to circulating estrogen. It seems that 
Avith suitable controls human vaginal smears ma 3 ’’ pro^dde as accurate a 
gauge of estrogen production by a patient as assays of her urinary estrogen. 

Slow potential changes in the electroencephalogram and functional states 
of the central nervous system. Morton A. Rubin. Memorial Founda- 
tion for Nenro- Endocrine Research, Worcester State Hospital, Worcester, 
Mass. 

A comparison of the influence of voluntaiy h 3 '^perventilation and of 
sodium C 3 mnide on the electroencephalograms (EEG’s) of ps 3 ’’chotic and 
non-psychotic individuals emphasizes the importance of the functional 
state of the bram in determining its response to a given variable. Hyper- 
ventilation ma 3 ’ slow the 10-per-second rhythm in normal subjects, but it 
enhances that rln^thm in the EEG of psychotic patients. With sodium 
C3*anide there is an increase in the amount of 10-per-second rhytlim in the 
patients’ EEG. In stuporous and in narcoleptic patients, however, cya- 
nide evokes regular, slow potential changes. The EEG of normal individ- 
uals is onl 3 ' slightly influenced b 3 '- sodium c 3 ’-anide, and then usually a 
decrease in normal activit 3 " is noted. 

Further examples are found in the effects of sodium am 3 dal and of metra- 
zol. Massive doses of anndal which bring stuporous patients out of stupor 
and increase the amount of 10-per-second acthat 3 ' will put a noimal in- 
dividual, or a non-stuporous patient, to sleep and results in the appearance 
of slow potential changes. Ps 3 mhotic patients who have recovered from 
their p53'chosis after metrazol shock therap 3 ’’ ma 3 ' show spontaneous bursts 
of regular, slow waves for some weeks after therapy has been discontinued, 
whereas no slow activit 3 ' was prc.sent in the EEG in the ps 3 ’^chotic stute 
before lherap 3 ' was started. 
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The; phospholipid partition in fatty and cirrhotic livers.* Saul H. Rubin 
(introduced bj' Elaine P. Ralli). Laboratories of the DeparMeni of 
Medicine, New York JJniversiiy College of Medicine, New York City. 
A comparative studj* of recent methods for the estimation of lecithin, 
cephalin and sphingomyelin has led to the adoption of an analytical scheme 
similar to that described by Thannhauser et al. (J. Biol. Chem. 129 : 709, 
1939). Discussion of the results obtained is limited to lecithin and ceph- 
alin since sphingom 3 "elin was found to constitute a small and constant 
fraction (up to 5 per cent) of the liver phospholipids in the cases detailed 
below. The values are expressed as percentages of the total phospholipids. 

The liveiB of 67 normal albmo rats (150-200 gi’ams) , analji^zed in groups 
of approximatelj'^ 10, contained 59 per cent lecitliin (55-62) and 38 per 
cent cephalin (35-43). Ninety-four rats with fatty livers produced by 
a high-fat, low-protein diet, showed 64 per cent lecithin (58-68) and 33 
per cent cephalin (28-40). The.se differences cannot be con.sidered sig- 
nificant. 

However, fatty livei’S obtained from 5 depancreatized dogs contained 
69 per cent lecithin (57-79) and 27 per cent cephalin (17-39), as compared 
with 51 per cent (46-58) and 45 per cent (38-50), respective!}'-, in 6 normal 
dogs. The depanci-entized dogs were maintained for periods of 9 to 16 
weeks, while the rats ivere sacrificed after 3 weeks. The low blood plasma 
phospholipids found in these depancreatized dogs (Am. J. Physiol. 129: 
578, 1940) were accompanied hy a relative diminution in the lecithin- 
cephalin ratio. 

Nine normal human livers contained 56 per cent lecithin (49-63) and 
39 per cent cephalin (32-48). Six cirrhotic human livers with yaiying 
degrees of fatty infiltration showed the following percentages for lecithin: 
62, 66, 67, 69, 74 and 92; the last was found in a liver which contained 
24.4 per cent fatty acids. The cephalin figures wei’e cori:e.spondingly 
reduced. 

A tentative conclusion which may be drawn from these data is that in 
long-standing fatty infiltration of the liver and in cirrhosis, the, lecithin- 
cephalin ratio increases, although the absolute concentrations of both are 
diminished. 

Taste disturbances from thalamic lesions in monkeys.^ T. C. Rucn, 
Marvin Blum (b}’- invitation) and J. Brobeck (by invitation). Lab- 
oratory of Physiology, Yale University School of Medicine, New Haven, 
Conn. 

Bornstein’s “opercular theor}’-” of the cortical representation of taste, 
together with the data on the origin of the thalamo-cortical projection to 
this region (Walker; Le Gros Clark), suggest that the taste pathways maj’- 
relay in the arcuate nucleus (N. ventralis posteromedialis) of the thalamus, 
or adjacent nuclei. In preliminary expeiiments on macaque monkej^s, the 
threshold for bitter was determined b}”^ the “preference method” and 
lesions were made bilaterall}^ in the region of the arcuate nucleus with the 
Hoi’slej'^-Clarke stereotaxic apparatus. Each of three monkeys so operated 
have shovm nearly complete loss of taste in the earlj' postoperative period, 

^ This research was aided by a grant from The Milbank Memorial Foundation. 

- Aided by grants from the Fluid Research and G. H. Knight Memorial Funds, 
Yale University School of Medicine. ; 
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followed in the case of the first two monkeys by a recovery that was almost 
complete. Both monke 3 ’’S exhibited some type of disturbance of the 
chewing mechanism and a striking hyperphagia and adiposity. In the 
third monkey the lesion was made slightly more rostral and superior. 
A severe and permanent taste deficit resulted but there was no disturbance 
of eating beha-vdor. A lesion several milhmeters superior to those of the 
first two monkeys was entirely vdthout effect on taste ability. 

Carbohydrate metabolism in the eviscerated rat.’^ Jane A. Bussell.- 

Laboratory of Physiological Chemistry, Yale University School of Medi- 
cine, New Haven, Conn. 

The roles of the anterior pituitary and the adrenal cortex in the metab- 
olism of carbohj’-drate have been studied in the eviscerated rat. In the 
first series of experiments, the length of time of sur^dval after evisceration, 
•without glucose administration, and the changes in carbohydrate levels 
of muscle and blood during this time were compared in hypophysectomized, 
adrenalectomized, and control series of rats, and in h 3 TDoph 3 '^sectomized 
animals treated •with saline A.P.E. or with adrenal cortical extract. In 
order to deteimine accurately changes in muscle glycogen content after 
e'^dsceration, it was found necessary to remove the adrenal medullae from 
all animals prior to the experiments; this operation prevented the glyco- 
genotysis in muscle which otherwise occurred as a result of the liberation 
of adrenalin during the experiments. 

The survival time after evisceration was reduced by about a half b 3 ’ 
hypophysectomy and to a lesser extent by adrenalectom 3 ^ The muscle 
glycogen levels in adrenalectomized and control rats did not change during 
1 hours after evisceration, but they fell considerabty in the hypophysec- 
tomized animals. A.P.E. prolonged the survival of the h 3 q 3 ophyBec- 
tomi^d rats to the normal limits and prevented the fall in muscle glycogen, 
Cortin also prolonged the survival time, but it onb’’ partialb'^, if at all, 
prevented the loss of muscle gb’^cogen. 

The results in hypophysectomized rats were extended b 3 ’' deteiTnination 
of the rate at which it was necessar 3 ’' to infuse glucose to ihaintairi the 
blood sugar at a constant level after evisceration. The rate in control 
rats was close to 13.5 mgra, per 100 grams per hour. In the h 3 ^pphysec- 
tomized rats, this rate of infusion was not nearty sufficient; the required 
amount varied somewhat but was about 25 mgm. per 100 grams per hour 
in most cases. The average rate of fall of the blood sugar level afler the 
cessation of the infusion was 3 times as fast in the hypophysectomized 
rats as in the controls. The changes in muscle gtycogen during infusion, 
and the effects of A.P.E. on the infusion rate required to maintain blood 
and muscle carboli 3 'drate levels are now being studied. 

Changes in palmar skin resistance associated with muscular work. A, H. 

Ry.ax and E. L. R.vnseen (by invitation). Private laboratory, 820 

N. Michigan /Ire., Chicago, III. 

Work was done on a bic3'cle arranged to drive an electric generator, 
l^oad was varied b 3 ' means of electric bulb.s. A voltmeter indicated speed 

* Aided by {grants to Dr. C. N. H. Long from the Committee on Research in En- 
docrinology', National Research Council. 

- I.alor foundation Fellow. 
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of pedaling and a watthour meter recorded the amount of work done. 
Two shallow pans were supported in a position corresponding to that of 
the handle bars. In each pan was placed a large zinc plate connected 
in a cu’cuit with an ohmmeter. Into the pans was placed a solution of an 
electrol5’'te. The hands were placed palms do\TO on the zinc plates, the 
entire palmar surface being submerged in the solution. Observations were 
made under two conditions of performing work; one in which the work 
was continuous for a period of approximately ten minutes, and one in 
which there were seven work periods of one minute each with thirty 
seconds of rest between each work period. 

Within the first minute after the subject has worked with a sufficient 
load at a given initial rate of speed, there is a large drop in the resistance. 
Then the rate of fall of resistance sharplj’- declines and there may be an 
actual increase in resistance. This rise or period of relatively smaller 
decline is then followed by a marked increase in the rate of fall in resistance. 
The fall of resistance then continues, generally reaching its lowest level 
at the end of the Avork period. 

When work periods alternate with rest periods, a marked increase in 
resistance occurs during the early rest pauses. In successive rest pauses, 
this rise decreases in magnitude and may be replaced b}’- a fall. 

In continuous periods of work in which the speed remains constant, the 
resistance is found to A’-ary inA'^erseb'^ AAuth increases and also with decreases 
of load. 

Some effects of denervation of the salivary glands. Rosaltha H. San- 
ders (introduced by A. J. Carlson). Department of Physiology, Uni- 
versity of Chicago, Chicago, III. ' . . 

Saliva Avas collected from a common fistula of Wharton’s and Bartholin’s 
ducts on the denervated side. 

Tavo dogs after chorda-lingual section on one side shoAA^ed the folloAving 
changes: 

1. A slOAv secretion, sometimes discontinuous. A larger reflex secretion 
accompanjdng the ingestion of food. In one dog, this reflex secretion 
amounted to about one per cent of the preoperation rate after four daj’-s,; 
then after some five months equalled eighteen per cent of the preopera- 
tion reflex rate. In the other dog, the reflex saliA^a has amounted to 
about tAA’^elve per cent of the preoperation rate from the sixth to the hun- 
dredth day of observation. 

2. A rise in permeability to glucose A\dth the appearance of sugar in the 
saliva at a blood sugar leA’-el of 200 milligrams per cent. With a normal* 
gland, sugar appears in salWa onl}'^ at a blood sugar leA'^el of 300 milligrams 
per cent. 

3. No significant change in composition of reflex saliva of the paralytic 
glands in regard to mucin, total solids and total chlorides, except a fall in 
chlorides after chorda section folloAved by a rapid return to the preoperative 
level. 

One dog has been obseiwed for nine months after sympathectomy of the 
submaxiUaiy and sublingual glands on one side, as follows: 

1. A progressive decrease in rate of reflex secretion to Iavo thirds of the 
normal rate at the end of three months, followed by a rise to almost the 
normal rate after nine months. No continuous secretion. 
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2. No other changes. 

One dog Math a chorda section followed in four days by an ipsilateral 
sympathectomy of the salivaiy glands, is now under observation, wuth 
the following results: 

1. No reflex secretion. A slow secretion which is not continuous (some- 
times, the opening of the fistula is dry). 

2. Saliva collected after pilocarpine injection contains appreciable 
amounts of glucose at a blood sugar level of 200 milligrams per cent, indi- 
cating an increased permeability to glucose in the completely denervated 
glands similar in degree to that seen in the parasj^mpathectomized glands. 

Gastric secretion during the night in normal individuals and peptic ulcer 
patients. D. J. Sandweiss, M. H. Sugarman and M. H. F. Fried- 
man (introduced b}’- T. L. Patterson). Harper Hospital and Wayne 
Universiiy College of Medicine, Detroit, Mich. 

Normal individuals and patients Muth duodenal ulcei*s were given eve- 
ning meal (at 6 p.m.) consisting of beef extract, white fish, tea, crackers, 
tomato juice and liuttered toast. Hourl}’- aspirations were made from 
6 p.m. to 8 a.m. The stomach was completelj’^ emptied at midnight and 
again hourlj’’ until 8 in the morning. 

1. In both normal individuals and ulcer patients, two peaks in concen- 
tration of free acid usuall}’’ occurred; one peak, between eleven p.m. and 
one a.m., and the other between three a.m. and five a.m. After five in 
the morning both the volume of secretion and the concentration of free 
acid usualb’- were veiy greatl}’- reduced, the juice often shelving no free acid. 

2. The volume of secretion was significantly higher in the ulcer patients 
as compared with the normal individuals, though the concentrations of 
free acid in the two groups were approximately the same. 

3. Bile was frequently present, usuallj’’ after midnight. Mucus was 
often found, particularly towards the morning hom-s. 

4. In both our normal indi^dduals and ulcer patients, the volumes se- 
creted were much higher than others have reported. However, this 
increase in volume may be explained by the fact that we used beef extract 
and fish in our meals, — foods kno^w to be strong stimulants of gastric 
secretion. 

Human skin reactions resulting from intracutaneous injection of animal 
blood plasmas and their alteration by bacterial action. George M. 
Savage (by invitation), Henry Longstreet Taylor (by invitation) 
and Angel Keys. Laboratory of Physiological Hygiene, University 
of Minnesota, Minneapolis. 

Intracutaneous .skin tests (5,160) were applied to hiunan subjects (440). 
Materials used were sterile blood plasmas, diluted 1 to 70, from cow, goat, 
.sheep, horse, hog, fox, rabbit, guinea pig and human. The tests were 
read at 20 minutes, 2 hours and 24 hours and were graded on a scale of 
1 to 4 compared with isotonic phosphate buffer control. When sterile 
plasmas were used the followng positive reactions were observed at 20 
minutes: bovine plasma, 10 per cent of 250 individuals; goat plasma, 10.7 
per cent of 250 individuals; rabbit plasma, 16 per cent of 50 individuals; 
hog plasma, 41 per cent of 100 indhdduals; dog plasma, 34 per cent of 50 
individuals; horse plasma, 20 per cent of 100 individuals; sheep plasma, 
21 per cent of 150 indviduals; guinea pig plasma, 4 per cent of 50 indi- 
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viduals; fox plasma, 40 per cent of 50 indmduals, and human plasma, 12 
per cent of fifty individuals. Occasional indmduals were sensitive to 
most of the several plasmas but, in general, cross sensitivities were in- 
frequent. For example, of 100 persons 10 were sensitive to bovine plasma 
and 6 to goat plasma but only 2 of these persons were sensitive to both. 

In general, sterile plasmas which previouslj’- had been slightly contam- 
inated and stored in the cold elicted additional reactions of 2 types: 1, 
reactions at 20 minutes which became negative in 2 hours; 2, a delayed 
reaction appearmg at 2 hours and persisting for 24 hours. Such beef 
plasmas gave, on the average, 8 times as man}’- positive reactions at 20 
minutes as plasma of completely sterile histor}’^ but attempts to isolate the 
responsible organisms failed. Some of the organisms producing the de- 
layed reaction have been isolated. PiTien these Avere cultured for 8 hours 
at 25°C. on relatively non-reactive beef plasma this plasma, after steriliza- 
tion by Seitz filtration, pi-oduced the delayed reactions in almost 100 per 
cent of test cases. 

Experimental ulceration of the gastro-intestinal tract. M. J. Schiffrin 
(introduced by B. P. Babkin) and Althea A. Warren (b}’- invitation). 
Department of Physiology, McGill University, Montreal, Canada. 

A method for the production of jejunal ulcer in acute experiments by 
perfusion with a solution of pepsin in HCl Avas previously described 
(Schiffrin, Proc. Soc. Exper. Biol. Med. 45: 592, 1940). Further studies 
utilizing this method have been made. Segments of small intestine were 
perfused Avith a, HCl, pH 1.0-1. 2; 6, HCl and pepsin, pH 1.0-1 .2; c, HCl 
and pepsin in A’arious proportions; d, HCl, pepsin and either colloidal 
aluminum hj’droxide (pH 3.5) or aluminum phosphate gel (pH 2.0). 
Perfusion AA’as carried out at body temperature at a rate of 1-2 cc. per 
minute. Each segment of intestine aa’RS proAuded Avith a mesenteric 
pedicle of adequate size. Acid per se produced necrosis and damaged the 
Aulli. Acid and pepsin ulcerated and in some cases perforated the jejunum 
Avithin 12 hours. The addition of either of the aluminum compounds to 
the acid-pepsin solution prevented any damage to the small intestine. 

The same method has been applied to the stomach and duodenum. 
In these experiments the pancreatic and biliarj’- ducts Avere ligated. Acid 
damaged the stomach and duodenum much more than the jejunum. 
This may be attributed in part to the presence of pepsin in the stomach, 
since it has been shoAA’n that acid on leaving the stomach possesses peptic 
activity. Perfusion AA’ith acid and pepsin resulted in damage to the 
stomach in the region of the lesser curvature and profuse ulceration of the 
duodenum. 

Apparatus for determining the tensile strength of rat tibiae. A. A. 

, Schiller, (by inAutation), H. C. Struck and C. I. Reed. Department 
of Physiology, University of Illinois, College of Medicine, Chicago. 
(Demonstration.) 

This apparatus is a small scale modification of equipment used by 
engineers for testing the tensile strength of structural materials. Graphic 
recording of deflection stress and brealcing Aveight makes possible quanti- 
tative comparison bones from rats subjected to various dietary modi- 
fications. 
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A study of the comparative tensile strength of the tibiae of normal and 
healed rachitic rats. A. A. Schiller (b}" imdtation), H. C. Struck 
and C. I. Reed. Department of Physiology, University of Illinois, 
Chicago. 

The elastic properties of bone are disturbed in rickets as evidenced by 
breaking load and deflection stress. This disturbance is directly related 
to the number of days on the rachitogenic diet and to the time on the 
curative diet. The most significant difference between control and experi- 
mental animals is found up to 42 daj’^s, after wliich the healing process is 
sufficiently advanced to indicate that the tensile strength of the bone is 
not permanentlj’ decreased bj’- a rachitogenic regimen of 41 daj'^s duration. 

Anoxemic hyperpnea in the dog. C. F. Schmidt, P. R. Dumke (by 
invitation) and H. P. Chiodi (by invitation). Lahoraiory of Pharma- 
cology, University of Pennsylvania, Philadelphia. 

In 14 vagotomized dogs, lightly anesthetized with morplune and chlora- 
lose, pulmonary ventilation was measured during the following sequence, 
arterial blood being collected for estimation of pOj, PCO 2 , and pH during 
the steady states so produced: inhalation of room air, of 100 per cent O 2 , 
of 3.5 per cent CO 2 in O 2 , of room air, of 10-12 per cent O 2 in N 2 , and of 
10-12 per cent O 2 plus 3.5 per cent CO 2 ; the sequence was repeated after 
complete carotid denervation save for the use of 12-14 per cent O 2 , which 
now produced as severe anoxemia as 10-12 per cent had done previously. 
It was found that: 1. inhalation of pure O 2 often caused a decrease in 
pulmonary ventilation before denervation but vatliin 2 minutes the previous 
level was always regained without any change in arterial PCO 2 ; after the 
dener^’^ation inhalation of O 2 consistenly stimulated breathing. 2. Simple 
anoxemia regularly caused hyperpnea before denervation but afterward 
it was only depressant; the threshold for anoxemic h 3 ’^perpnea lay at an 
ai'terial PO 2 of about 55 mm. Hg. 3. Addition of CO 2 to the anoxic gas 
mixture before denervation elicited a greater hyperpnea than either 
anoxemia or h 3 qiercapnia alone, but after denervation the response to 
CO 2 in O 2 vns consistent^'' greater than that to CO 2 with low O 2 . 4. The 
drop in p02 between the inspired air and the arterial blood (ApOo) was 
diminished b 3 ^ the addition of C02 to an inhaled mixture low in O 2 , as by 
increased depth of breathing however produced; chemoreceptor reflexes 
were responsible for b 3 ’' far the largest part of this phenomenon, changes 
in the dissociation curve of oxyhemoglobin being relativel 3 '^ unimportant. 
These results indicate that 1, no important amount of chemoreceptor 
activit 3 ’' was maintained in these animals by the arterial p 02 associated 
^vith quiet breatliing of room air; 2, the h 3 ’'perpnea of anoxemia was en- 
tireb'' due to chemoreceptor reflexes, the onb'- effect of anoxia directly on 
the center being to depress its response to CO 2 ; 3, the h 3 ’'perpnea of mild 
h 3 q>ercapnia was not demonstrabb’" dependent on reflexes. , 

Effect of insulin and thyroidectomy on glucose tolerance in toxic goiter. 
C. R. Schmidt, W. S. Walsh (b 3 '' imutation) and V. E. Chesky (by 
invitation). Department of Surgery, Hertzler Clinic, Halstead, Kansas. 
Diminished glucose tolerance in thyrotoxicosis lias been attributed to a 
variety of causes including 1, inability of the liver to store glucose; 2, 
increased hepatic gl 3 'cogenob'sis; 3, insulin deficienc 3 " or refractivit 3 ^, 



PROCEEDINGS 


P439 


and 4, increased rate of absorption from the intestine. Certain of our 
observations suggest that increased gluconeogenesis may be a contributing 
factor. 

Glucose tolerance and utihzation was studied before and after thyroidec- 
•tomy in thirty patients with toxic goiter and in four patients wth non- 
toxic goiter. In the subjects vdth toxic goiter, glucose (1.75 grams per 
Idlo of body weight) administered orally or intravenousl 3 '^ at a rate of 0.75 
gram per kilo per hour gave characteristic blood sugar curves (capillarj'- 
blood method) ivith abnormallj’’ high peaks maintained over prolonged 
periods. Glucosuria occurred in all instances. From five to fifteen grams 
of glucose were recovered in the urine. Insulin, one unit per five grams 
of glucose, added to the intravenous glucose solution eliminated the 
glucosuria. 

When the same quantit}'’ of glucose was administered intravenously to 
thju’otoxic subjects during a twent 3 '' minute period an entirel 3 ^ different 
type of blood sugar curve was obtained. Under these conditions blood 
sugar concentration reached a peak at thirt 3 '^ minutes and then declined 
rapidly to subnormal levels (3 hrs.). Insulin produced a quantitative but 
no qualitative change in the blood sugar curves. The quantities of glucose 
excreted in the urine were essentially the same as when the glucose was 
administered intravenousl 3 ’', ndth and without insulin, at a rate of 0.75 
gram per kilo per hour. It is felt that increased gluconeogenesis is an 
important factor in the altered carbohydrate metabolism associated with 
th 3 ’-rotoxicosis, and that the blood sugar response to excessive amounts of 
glucose is influenced appreciabl 3 ’' by diminished gluconeogenesis. 

Glucose tolerance was restored to essentiall 3 ’’ normal ivithin five days 
after bilateral thyroidectomy in toxic goiter patients. Hemi-thyroidec- 
tom 3 '’ ameliorated but did not correct the disturbance in glucose tolerance. 
Thyroidectomy produced no alteration in the normal glucose tolerance of 
patients with non-toxic, nodular or non-toxic colloid goiters. 

Oxygen therapy in shock. J. G. Schnedorf and T. G. Orr (introduced 

by A. C. Iv 3 >'). Department of Stirgery, University of Kansas School 

of Medicine, Kansas City. 

This work was done to determine the effect of continuous inhalation of 
high oxygen concentrations upon shock due to trauma, histamine and 
hemorrhage. 

While the degree of trauma, as indicated b 3 '' the average amount of 
fluid loss into the injured limb, was the same in 10 control dogs breathing 
atmospheric air (4.26 per cent total body weight) and the 10 dogs treated 
with 100 per cent 0 X 3 ’^gen inhalations (4.11 per cent total body weight) 
the average length of life of the control dogs was 4.5 hours and those treated 
mth oxygen was 7.7 hours. Thus, oxygen therap 3 ’' caused a 70 per cent 
increase in the length of life of dogs in traumatic shock. The blood pres- 
sure of the dogs treated with o.xygen was higher 4, 6 and 8 hours after 
the trauma than the untreated group. Oxygen increased the length of life 
of 10 dogs in histamine shock (blood pressure maintained at 40 mm. of 
mercury) b 3 ’’ 71.7 per cent. The control dogs lived 5.6 hours and the 
treated dogs 9.8 hours. Loss of blood by repeated hemorrhage equal to 
2 per cent of the total bod 3 ’' weight in the 10 control dogs caused a 54 mm. 
of mercuiy fall in blood pressure and only a 35 mm. fall in the 10 dogs 
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treated with oxj’^gen. After a blood loss of 4 per cent of the bodj" weight, 
the blood pressure of the control dogs was 35 mm. and of the treated dogs 
39 mm. of mercuiy. 0x3’’gen therapy enabled the treated dogs to tolerate 
a 15 per cent greater blood loss (4.82 per cent bodj’’ weight) than the con- 
trol dogs (4.19 per cent body weight). It also resulted in a 17 per cent 
increase in the length of life of the treated dogs (3.60 hrs.) over that of the 
control dogs (3.08 hrs.). Increased hematocrit readings, indicating 
hemoconcentration, were observed in all tliree types of shock. A decrease 
in the oxygen content and saturation of blood from the femoral arteiy and 
vein was obseiwed in nembutalized dogs in traumatic shock. O.X 5 "gen 
therapy significant!}’- increased the oxj'gen in the arterial and venous blood. 

Inhalation of high oxj’-gen concentrations has a beneficial action upon 
shock due to trauma, histamine and hemorrhage. 

Some effects of insulin and glucose on fasting external pancreatic secretion. 
Y. Bro-wn Scott, U. J. Collignon and H. J. Bugel (introduced by 
P. AI. Hannon). Departmeni of Physiology, Indiana University School 
of Medicine, Bloomington. 

We were unable to observe consistent alterations m the volume and 
proteolytic actii’ity of pancreatic juice collected at half-hour intervals 
before and after injections of insulin and glucose in fasting dogs whidi 
secreted large quantities of pancreatic juice (Am. J. Plysiol. 129: P457, 
1940). Since a temporal correlation between hunger motility and pan- 
creatic secretion has been observed (Scott and Bugel, Am. .1. Physiol. 
131: 60, 1940) and since many investigators have obseiwed gastric hyper- 
motility vdth insulin, we decided to investigate the action of insulin and 
glucose upon gastric motility and pancreatic secretion in the fasting dog. 

ObseiA^ations were made on dogs with pancreatic fistulae (Inlow) and 
gastrostomies (Carlson) which were trained to lie on a padded table after 
a 24 hour fast. Pancreatic secretion w’as recorded b}’' a drop recorder and 
gastric motility was registered by the usual intragastric balloon and water 
manometer teclmique. 

Subcutaneous insulin (1 unit per kgm.) elicited, ivithin 50 to 60 min- 
utes, an increased flow of pancreatic juice and gastric hypermotilit}’. 
Intravenous insulin produced an initial inhibition of pancreatic secretion 
and gastric motility which was followed by an augmentation of the secre- 
tion and motility when hypoglycemia (25 to 40 mgm. per cent) appeared. 
Intravenous glucose (1 gram per kgm.), administered as a 20 per cent 
solution duiing the insulin hj’poglycemia, resulted in a transient inliibition 
of pancreatic secretion and gastric hypermotility. 

In dogs ha^dng bilateral vagotomies, the gastric hj^permotility of hypo- 
glycemia was ab^olished but the pancreatic augmentation remained iin- 
affected. Vagotom}’- did not remove the initial inhibitory action of in- 
travenous insulin on pancreatic secretion and the inhibitory action of 
glucose also remained unaffected. 

A colorimetric redox method for the determination of vitamin Ki and similar 
quinones. .John V. Scum (introduced by Hans Molitor). Merck 
Jnstitide for Thcrapetdic Research and Research Laboratories of Merck 
& Co. Inc., Rahway, N. J. 

A colorimetric method for the determination of vitamin Ki and asso- 
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dated quinones has been devised on the basis of the redox titrations of 
Trenner and Bacher (J. Biol. Chem. 137: Feb. 1941). The method in- 
volves a catalytic reduction of the quinone in butanol in the presence of 
phenosafranin as the indicator. The resulting hydroquinone is then 
treated with an excess of a butanol solution of 2,6-dichlorophenol-indo- 
phenol in the absence of air. A partial reduction of the indophenol to the 
leuco base results. This reduction in the color of the indophenol is a 
measure of the quinone originally present. It is measured in the Evelyn 
colorimeter, at 650 mu within 2 to 3 minutes after mixing solutions of the 
hydroquinone and the 2,6-dichlorophenol-indophenol. Taking readings 
in this short interval of time diminishes the influence of extraneous re- 
ducing substances. The test is applicable to solutions containing 2 to 
10 micrograms of 2-methylnaphthoquinone per cubic centimeter of solution. 

Application of the method to highly colored petroleum ether extracts 
requires the removal of these colored impurities. Tliis was effected by 
reducing the extract over Raney nickel in the presence of an excess of 
phenosafranin. The hydroquinone was extracted with Claisen’s alkali, 
and the interfering colors were removed by washing with petroleum 
ether. The sodium salt was h 3 '’drolysed and the hj'^dro quinone was ex- 
tracted vuth petroleum ether. Colorless solutions were obtained. These 
Avere oxidized to the quinone, and the test was perfonned as above. 

Data obtained bj’- the application of the method to a number of food- 
stuffs, tissues, etc. are presented. The method is also applicable to 
Autamin E. 

Survival of the respiratory (gasping) mechanism in young animals. W. A. 

Selle and T. A. Witten (by invitation). Department of Physiology, 

University of Texas School of Medicine, Galveston. 

Several observers have reported that young animals of certain species 
are less susceptible to asphyxia than adults. Studies were undertaken 
to determine whether the primitive respirator 3 ’’ mechanism (gasping) 
itself survives longer in the young than in the old. 

Animals of various species (rats, mice, rabbits, cats and dogs), vaiying 
widel 3 ’’ in age, Avere subjected to anoxic or asph 3 "xial conditions by: 1, 
breathing nitrogen, CO 2 , illuminating gas; 2, ligation of cerebral vessels; 
3, decapitation. Gasping movements of the mandible Avere recorded 
mechanicall 3 ^ It Avas found that the survival of gasping in animals 
ranging from one da3’’ to slightly past Aveaning is inversely proportional 
to age. Thus, a one-da 3 ’' old rat gasps from forty to eighty times during 
a period of thirt 3 ’' minutes or more following complete ligation of the 
cerebral vessels or isolation of the head; a six-Aveeks old animal usually 
gasps five to eight times and all activity ceases AAUthin fifteen to thirt3’' 
seconds. Information concerning the essential factors responsible for 
this difference is lacking although metabolism differences appear to be 
inAmlved. The survival of the gasping mechanism parallels other physi- 
ological processes as it Avas further found that: 1, pupillary responses of 
the isolated head; 2, trunk reflexes of the spinal animal; 3, action of the 
exposed heart, are all retained longer the younger the animal. 

The influence on the survival of the gasping mechanism of temperature, 
metrazol, acet3dcholine, insulin, various anesthetics and decerebration Avill 
be discussed. 



P442 


AMERICAN PHYSIOLOGICAL SOCIETY 


The anesthetic effect of steroid hormones. Hans: Selye. Deparlmeni 

oj Anaipmy, McGill University, Montreal, Canada. - (Motion picture 

demonstration.) 

The anesthesia produced progesterone is demonstrated in this 
colored film as an example of a typical steroid hoimone anesthesia. In the 
expeiiments illustrated in this film, the anesthesia was induced in rats by 
the intraperitoneal administration of 2-5 mgm. of progesterone in peanut 
oil. The second part of the film shows the performance of a sub-total 
hepatectomy in the rat using onl 3 ’- progesterone as an anesthetic. Desoxw- 
corticosterone acetate and various other steroid hormones proved to exert a 
similar anesthetic action when administered bj'^ the intraperitoneal route. 
Pretreatment with atropin prevents, while vagotomj’’ actualty intensifies 
the anesthetic action of progesterone. 

Oxygen utilization by starfish eggs. Herbert Shapiro. Marine Bi- 
ological Laboratory, Woods Hole, Mass., and Vassar College, Pough- 
keepsie, N. Y. (Read bj’’ title). 

The oxidative activity of eggs of the starfish, Asterias forbesii, obtained 
in the earty summer, was measured in Warburg manometers over a tem- 
perature range 11.5°C. to 27.5°C. Unfertilized eggs showed a constant 
rate of uptake for periods as long as ten hours, whereas fertilized eggs 
respired at a relative^ constant rate at first, and then exliibited a graduallj’^ 
increasing rate as embryological development proceeded in the respirom- 
eters. On fertilization, the change in rate is variable in different experi- 
ments. There may be no alteration, or even a slight drop, but in most of 
the obseiwations, an average increase of roughly 30 to 50 per cent ap- 
peared, This statement respecting the influence of fertilization on respira- 
torj’’ activity applied, on the whole, throughout the temperature range 
employed, with a tendenej’’ for the average ratio, fertilized rate/unfer- 
tilized rate (F/U), to decline slightly vdth elevation of temperature. 
Starfish eggs are not as uniform as sea urchin (Arbacia punctulata) eggs 
Avith respect to size, configuration, maturity, cleavage and other char- 
acteristics. This non-unifoimity may well account for the obsen^ed 
variations in F/U. 

In the sea urchin egg, the A’-alue of F/U is uniquel}'' dependent upon the 
temperature (Rubenstein and Gerard, 1934) and varies inversety with 
temperature. This is in marked contrast to the starfish, w^here the tem- 
perature dependence of F/U is negligible. An F/U temperature de- 
pendence argues for a qualitative^ different oxidative S 3 '’stem or s 3 ’^stcins 
in the fertilized egg, wliich either replaces or is added to that of the un- 
fertilized cells. Th^e sea urchin egg is known to demonstrate a C3nnide- 
sensitive S3’'stem upon fertilization, which is in addition to the non-C3nnide 
sensitive system characteristic of the unfertilized egg. Two alternative 
inferences are possible from these experiments, though no direct chemical 
proof is pven for either: a, in Asterias, either no new oxidative S 3 ’stem is 
brought into play on fertilization, or if one does appear, its contribution to 
the overall ox 3 'gcn uptake is .small; b, if a neiv system is introduced on 
fertilization, which makes a major contribution to the observed oxygen 
uptake, its temperature dependence function is similar to that of the .S3'stcm 
or .SA'stems prevailing in the unfertilized egg. 
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The blood precursors of the short chain fatty acids of milk. J. C. Shaw 
and C. B. I^nodt (introduced b3’^ M. B. ^'^isscher). Depariinent of 
Dairy^ Industry, Storrs Ayncidtural Experiment Station, Stoirs, Conn. 
Ai-teriovenous differences demonstrated that acetone bodies were used 
bj' the lactating gland of the cow. Fractionations disclosed that the 
utilization of acetone bodies was limited to i8-h3'drox\'but5Tic acid. In 
16 experiments there was a mean utilization of 2.49 ± 0.325 mgm. per 
cent ^-hj^droxjdjutyric acid. According to our arterioi^enous difference 
figures the quantity of /S-h3’-dro.x3’-butyric acid utilized is just sufficient to 
provide for the fatty acids Ch and lower. Such S3Tithesis would explain 
the high R.Q. of the lactating gland. Approximately 40 per cent of the 
total oxygen consumption of the gland would be required for the complete 
oxidation of /3-h3'drox3ffiutyric acid for energ3' purposes. Considering the 
high R.Q. of the noniial lactating gland such a postulation docs not appear 
to be warranted. 

The R.Q. of the lactating gland in periods of inanition and cod liver 
oil feeding was less than unity. Likeuase marked decreases in Reichert- 
Meissl values of the milk fat occurred in both cases. Simultaneous^ the 
/S-h3’’drox343Utyi-ic acid arteriovenous differences decreased significant^. 
When dextrose was fed in large quantities or pumped into the rumen there 
was a fall in blood acetone bodies of over 50 jier cent which resulted in 
a decrease in the arteriovenous difference of /S-ly^lro.xvbutyric acid. Co- 
incident with the decline in blood jS-lydro.x.ybutyric acid there was a 
marked decrease in the saponification number, Reichert-Meissl yalue and 
Polenske value of the milk fat. 

In severe ketosis in daii^”- cows in which both blood glucose and blood 
lactic acid were less than 50 per cent of normal, the R.Q. of the active gland 
was in excess of unity and indicated that carboh3'drate material is probabl3'' 
not used for fat S3mthesis in the gland. 

It is concluded that /3-h3’-droxybutyric acid is probabl}’’ used in the S3m- 
thesis of the short chain fatty acids of milk. 

Dark adaptation: surveys of normal subjects and clinical applications. 
Charles Sheard, Hugo L. Bair (by invitation) and Louis A. Brun- 
STiNG (b3" invitation). Division of Biophysical Research, The Mayo 
Foundation, and Sections on Ophthalmology and on Dermatology, The 
Mayo Clinic, Rochester, Minn. 

Data will be presented on a group of normal persons emphasizing the 
impoi*tance of intensity of and duration of exposure to light, the size and 
location of area of retinal stimulus, and the color of the stimulus in the 
determination of levels of cone-rod adaptation. Measurements of visual 
adaptation during the course of 20 to 30 minutes were made on 60 pilots 
of a commercial air line and on 110 school children between the ages of 
eight and fourteen. Twenty of the group of school children were ex- 
amined on several occasions and with different standards of light adapta- 
tion and sizes of retinal stimulus area. These data have been examined 
statistically and the probable spread of 70 to 80 per cent of the values of 
normal dark adaptation determined. Methods and standards will be 
suggested for selection and rejection for special serwees. These data and 
conclusions draym from them vdll be compared vdth the findings in certain 
pathological conditions. 
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The alleged antithyroid action of vitamin A. R. F. Sheets (bj’^ invitation) 
and H. C. Struck. Department of Physiology, College of Medicine, 
University of Illinois, Chicago. 

Vitamin A fed in large, but non-toxic, doses to rats lias been found to 
cause a temporary reduction in the metabolic rate. This reduction was 
present in normal, thyroid-fed, as well as m tlijncidectomized animals. 
The temporaiy nature of the action, and particulaiij’^ the fact that the 
action is similar in nonnal and thyi-oidectomized rats had led to the con- 
clusion that the thjuoid gland is not concerned. 

Chloride space in hypertrophied hearts of hyperthyroid rats. Walter 
B. Shelley (liy invitation) and Charles F. Code. Department of 
Physiology, University of Minnesota, Minneapolis. 

These experiments were designed to ascertain whether or not the relative 
size of the chloride space of the cardiac muscle of rats undergoes changes 
during the hj^iertrophy associated wdth thyroid feeding. All animals 
received a standard laboratorj'- diet of fox chow. Three series of rats have 
been studied, a control series receiving onty the standard diet and tivo 
groups recehdng the standard diet plus desiccated thyroid gland. The 
diet of group 1 of the thyroid-fed animals contained 0.7 per cent thyroid 
and this was administered for 7 days. Group 2 received 0.7 per cent 
thyroid in the diet for 23 days and then 0.3 per cent for a further 22 days. 
At the end of the 7 and 45 day periods chloride determinations were made 
on the plasma (Van Slyke) and heart (Sunderman and Williams) of each 
rat. The heart chambers were opened and all external blood carefully 
removed from the surfaces. Calculations of chloride space were made 
according to Hastings and Eichelberger (/. Biol. Chem. 117: 73, 1937) 
and results expressed as grams per 100 grams of whole fresh heart. It 
should be pointed out that the chloride .space expressed in this manner is 
not on the basis of blood- and fat-free tissue. No significant difference 
Avas found betAA^een the chloride space of the normal and the h 3 '^pertrophied 
hyperth 3 '-roid hearts (table). 



NO. OP HATS 

(At.14 9) 
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HANGE 1 
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CHLORIDE SPACE ORAJIS/IOO 
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Range 

1 

Avorogo 

Controls 

15 

gms, 

200-255 

gma. 

0.53-0.67 

21.1-25.9 

23.2 

Group 1 

5 

200-230 

0.76-0.87 

21.7-24.0 

23.1 

Group 2 

9 

170-200 

0.77-0.98 

21.0-26.8 

24.8 


The effect of glutathione on somatic growth of rats. T. R. Sherrod 
(by invitation), H. C. Struck and C. I. Reed. Department of Physi- 
ology, College of Medicine, University of Illinois, Chicago. 
Intraperitoneal injection of 25 mgm. of pure reduced glutathione daily 
into rats resulted in a definite retardation of bod3’' gi'OAvth as measured by 
bod 3 ' Aveight and bodA- lengtii. The effect was more pronounced in the 
males. 
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Effect of nerve stimulation on blood flow in coronary arteries.^ R. E. 
Shipley (by invitation), A. Rotta (by invitation), D.- E. Gregg and 
W. H. Pritchard (bj’^ invitation). Departmenis of Medicine and 
Physiology, Western Reserve University, Cleveland, 0 . 

Measurements of coronar3’’ flow were made in anesthetized, open chest 
dogs by use of: 1 , a rotameter to obtain a general picture of events; 2 , an 
orifice plate meter and registration of peripheral coronaiy pressure for 
flow details. 

In the left coronaiy with essentiall5’' a constant heart rate and blood 
pressure, stimulation of the left stellate ganglion or its cardiac fibres 
induces mild to large augmentations of coronaiy inflow (up to 350 per 
cent vdth rotameter) which ma3’- persist 10 to 12 minutes. Both s3^stolic 
and diastolic inflows increase (orifice meter) especialh' at the points on the 
flow curve which probabl3’’ represent largeb' intramural flow. A^Tien the 
flow increases are sizeable, both s3’^stolic and diastolic pressures decrease 
thus indicating coronaiy dilatation. In those experiments in which the 
blood pressure is also elevated, the peripheral coronaiy pressure decreases 
and the flow increases on an average 600 per cent more than it does with 
a comparable elevation of blood pressure through aortic constriction. 
At times these flow increases are preceded b3' a few seconds of mild flow 
reduction, both during S3"stole and diastole. Excision of the ganglion and 
neiwe does not alter the flow. 

To date, in the right coronaiy stellate stimulation and excision, and in 
both coronaries sciatic, sinus, and vagus nerve stimulation and excision 
have veiy little if an3’^ effect on coronaiy flow. 

Prolongation of survival time in Mann-Williamson dogs by supplementing 
diet with amino acids. Daihd Shoch and S. J. Fogelson (introduced 
b3'’ K. K. Jones). Department of Surgery, Northwestern University 
Medical School, Chicago, III. 

The development of ulcer has been dela3’'ed and the survival time pro- 
longed in Mann-Williamson dogs b3' feeding of “special” diets. In 
general these diets have been characterized b}’’ high caloric and digestive 
enz3’^me content, as for example, a prepared dog food, as well as pancreas, 
liver and whole milk. 

We have observed that loss of weight is usuall3' followed by ulcer mani- 
festations in these animals. For this reason a series of fifteen Mann- 
Williamson dogs were placed on a basal diet of milk, dextri-maltose, 
glucose, vitamins and minerals. This fairty adequate diet was supple- 
mented with a protein h3’-drol3sate so that the amino acid intake was one 
gram per kilo. The average survival time of this series was two hundred 
and fifteen days. A control series of ten dogs was also prepared who 
received the basal diet vdth an equivalent supplement of casein but no 
protein digest. The average survival time of this control series was just 
over a hundred da3’S. Thus the difference in survival time of the amino 
acid series over the casein control series Avas about thi-ee months. 

Gastric anal3^ses on both series gave practicall3’^ identical findings. 
Although prevention of ulcer formation in IMann-Williamson dogs was 
not attained, a significant dela3^ in its onset was obtained. This permitted 

1 Aided by a grant from the Commonwealth Fund. 
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the conclusion, that improved nutrition Avith ease of assimilation of diet 
are significant factors in experimental ulcer. 

Unilateral progression independent of proprioception. P. S. Shurrager 
(introduced by W. Horslej’^ Gantt). University of Pennsylvania, 
Philadelphia. 

In a previous report the author presented e\n.dence of unilateral pro- 
gi’ession reflexes in the spinal dog. Further observation has disclosed 
that when the cord is hgated and transected above the 3rd lumbar spinal 
roots with all roots on the side stimulated cut except the 6th sensory and 
7th motor, and the stimulus is maintained at maximal intensity, the de- 
velopment of unilateral progression is directlj’’ dependent upon the number 
of intact contralateral motor roots. All contralateral sensorj’^ roots can 
be ehminated without the appearance of unilateral progression. As the 
contralateral motor roots are progressive^’’ severed, unilateral progression 
develops from the original flexion-relaxation of the simple spinal reflex 
to flexion-relaxation-extension-relaxation pattern which, w'hen all con- 
tralateral motor roots have been cut, may repeat itself as many as 3 times. 

A decrease in stimulus intensity results in failure of the initial flexion- 
relaxation-extension-relaxation phase. AH actmty is inhibited for a 
period approximatel}'^ equal to the time originallj* required for this fimt 
phase. At the end of the latent period the second and third phases of the 
unilateral progression sequence appear as usual. 

These phenomena indicate that unilateral progression ma}^ primarily 
depend upon a fixed neural pattern -which is not dependent upon the action 
of proprioceptive impulses. 

The relative elasticity of the sarcolemma and of the entire skeletal muscle 
fiber. F. J. M. Sichel. Laboratory of Physiology, University of 
Vermont, College of Medidne, Bxirlingion. 

Lengths of fibers were isolated from the adductor muscles of the frog 
and w^ere mounted in a chamber for stretching beriveen microneedles 
using methods previously described. Several places along the fiber were 
then lightly ciaished betw^een the cover glass and a smooth spherical fused 
microneedle tip. When such fibers w'ere allowed to stand for 5 to 10 
minutes under a slight tension the coagulated material left in the fiber 
by the crushing retracted lengthwise so as to leave a length of sarcolemma 
emptied of its fibrillar material. Such an “cmptj’’” sarcolemma is mor- 
phologically continuous Avith and similar to that of the intact region of the 
fiber. The fiber Avas then slowb’- stretched and the extensions measured in 
the intact regions and in the “empty” regions. In order to confine the 
measurements to these regions \rithout involving those containing coagu- 
lated material, the measurements ivere made between suitably placed 
carbon particles adhering to the surface of the fiber. Since at any given 
length the tension in all segments of the fiber must be the same it is possi- 
ble to compare at the same tensions the per cent elongation of a normal 
segment and of an “empty” segment. 

It Avas found that the per cent elongation of the “empty” lenj^hs ranged 
from 1.1 to 4.2 times the per cent elongation of the intact regions of the 
fiber, an average figure being 2.2 times. The loAV'er range of figures for 
extension of the sarcolemma Avere obtained in preparations in AA'hich the 
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coagulated material did not separate cleanlj’- from the sarcolemma. When 
a region included several obvious clumps of coagulated material as well 
as “empty” parts then the relative extensions approached very closely 
the simultaneous relative extensions in an intact region. It follows that 
the entire cross-section of the intact fiber should resist extension with a 
tension at least twice that due to the sarcolemma alone at a comparable 
extension. 

Electrical anesthesia with constant currents. INI. L. Silver (by invita- 
tation) and R. W. Gerard. Department of Physiology, Univa'siiy of 
Chicago, Chicago, III. 

An uninterrupted direct current jiassed between non-polarizable elec- 
trodes in mouth and anus of frog, rat, or dog can produce and maintain 
a state of immobiht,y and non-responsiveness to stimulation. To effect 
this electrical anesthesia the current is increased gradually, to avoid 
stimulation; or, especialh’ in dogs, the electrodes are placed and current 
initiated under prcliminaiy light chemical anesthesia (evdpal, 30 mgm. 
per kilo). 

A current of 3 mA in the frog, 12 inA in the rat, and 45 mA in the dog, 
suffices to maintain the inactive .state indefinitel}’^ — as long as 8 hours in 
one dog. To terminate anesthesia the current is decreased graduallj’^ or 
even reversed for a short time, to hasten emergence. Recoveiy seems 
complete in the frog within a minute, in the rat within 10 min., in the dog 
in 100 min., although its reflexes return in 15 min. Animals after as 
many as 8 anesthetic periods of several hours each have shown no physio- 
logical injury, nor histological changes in the spinal cord (rat and frog). 

During induction of electrical anesthesia in the dog, crossed extension, 
flexion, and knee jerk reflexes bi-iefly increase and then disappear in that 
order. Blood pressui'e and heart rate are not significant!}" altered by the 
anesthesia, respiration may deepen following it. 

The reflex block is due to central action, since spinal root irritability is 
normal during electro-narcosis while motoneurone thresholds, tested with 
micro-electrodes, are raised. Only that current passing tlu-ough the spinal 
cord is, therefore, effective. The resistance of dog and electrodes is 
nearly 500 Ohms, and some 20 volts must be applied to produce the 45 
mA for anesthesia. The current in the cord averages 1.4 per cent of the 
total in the dog. Assuming a comparable ratio in the other animals and 
allowing for differences in cord cross-section, in each species a current 
density of about 1 mA per sq. mm. cord cross-section produces inactivity. 

The distribution of current floAV in body structures was measured by 
the IR drop between variously placed electrodes; and the influence of 
anesthetizing electrode positions on current flow through the cord was 
similarly studied. With polarizing needle electrodes in the cisterna and 
lumbar space spinal anesthesia results without suppressing head responses. 

Acquired tolerance to small doses of post-pituitary extract.' H. Silvette 
and C. N. Psimas (by invitation). Department of Pharmacology of the 
University of Virginia, Charlottesville. (Read by title.) 

* This investigation has been made witli the assistance of a grant from the Com- 
mittee on Therapeutic Research, Council on Pharmacy and Chemistry, -American 
Medical Association. 
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It lias been shown (Am. J. Phj^siol. 131: 601, 1941) that large doses of 
post-pituitarj’^ solution (500 milliunits or more), injected at 2-hour intervals 
into diuretic rats, continuousl3’’ inhibited their urine flow. It was con- 
cluded from these experiments that the renal tubule cells develop no 
tolerance to the extract, but are constancy sensitive to the antidiuretic 
hormone. 

We have now tested the tolerance of wliite rats to small amounts of 
post-pituitarj’^ solution. In these experiments the dose used was 10 
milliunits, and the injections were repeated at intervals of 3 daj’^s or 
longer. 

A series of 24 animals, given 10 cc. 0.2 per cent sodium chloride solution 
intraperitoneallj’-, excreted in 6 hours 7.4 cc. urine containing 0.32 mgm. 
chlorides per cubic centimeter (average). The same experiment repeated 
four da3^s later gave identical results in urine and chloride excretion. 

Another series of 24 animals was similarlj" treated, except that 10 
milhunits of Post-Pituitaiy Solution (Squibb) were added to the injection 
fluid. These animals excreted 6.0 cc. urine containing 2.40 mgm. chlorides 
per cc. When this experiment was repeated four daj's later, however, the 
urine excretion rose to the normal level of 7.3 cc. in 6 hours and the chloride 
concentration dropped to 1.33 mgm., thus indicating an acquhed tolerance 
to this dose of e^rtract. Thi'ee da3^s later, under the same experimental 
conditions, the animals excreted 7.1 cc. urine containing 1.54 mgm. chlo- 
rides per cc. 

Following a two-weeks rest, 10 milliunits of extract given to the same 
animals were again found to exert a marked antidiuretic effect: urine 
output was reduced to 4.6 cc. while chloride concentration reached 2.33 
mgm., demonstrating that the tolerance previousb^ acquired had been lost 
in the fourteen-da3" interval. The animals were allowed to re.st for six- 
teen da3'^s further, after which 10 milliunits of the extract still gave a 
similar antidiuretic response. 

The tolerance to small doses of post-pituitaiy extract thus seems to be 
both quickl3’- developed and quickl3'’ lost; and this phenomenon of tachy- 
phylaxis indicates, we believe, an altered rate of desti-uction of the hormone 
in the extra-renal tissues rather than a change in renal tubular response. 

A new precision pipette for volumetric gaseous analysis. Ernst Simonson 

(introduced b3'^ A. C. Iiy). Mount Sinai Hospital, Milwaukee, W^s. 

(Demonstration.) 

The usual t3qie of graduated pipettes for volumetiic gaseous anab’^sis 
(for instance in Haldane’s apparatus) does not permit analysis of air 
mixtures vdth a nitrogen content less than 60 per cent. The accurac3’’ 
of the Haldane 10 cc. pipette is 0.01 cc. to be read, and 0.005 cc. to be 
estimated. To increase the accurac3' 63’ increasing the volume has been 
tried. In this case, the error due to the thermobarometer and the time 
nccessar3'^ for the anah'sis increases so that the 20 cc. pipette does not have 
double the accurac3' of the 10 cc. pipette. The new .s3'stem consists of 
2 parallel pipettes shunted with one another for the air at the top, and for 
the rnercur3' ly means of a T-tube at the bottom. Each has a separate 
cock in the T-tube. The right pipette is subdivided into 10 bulbs each of 
1 cc. The left pipette has a capacit3’^ of 1 cc. and is subdivided into 
0.002 cc. Both pipettes arc filled with mercur3’. Fiist the right pipette 
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is filled with gas until the marked of the last full cc. Then the rest of the 
gas is filled into the 1 cc. pipette, where the final reading is taken Avith an 
accuracy five times greater than in the usual pipette of the same volume. 
With this sj^stem, any mixture of gases can be investigated. It may be 
attached to anj’- volumetric gaseous anal 3 ’'sis apparatus. 

Investigations of the state of the central nervous system by means of the 
fusion frequency of flicker. Influence of age, fatigue and cerebral 
fesions. Ernst Simonson, Norbert Enzer and Samuel S. Blank- 
stein (introduced bj’- A. H. Steinhaus). Mount Sinai Hospital, Mil- 
waukee, 

The fusion frequencj'’ of flicker is regarded to be a fundamental ■\dsual 
process. Its value depends on the state of the whole visual pathway if all 
experimental conditions (intensitj'^ of illumination, size of illuminated 
area, etc.) remain the same. The fusion frequencj'^ can be measured with 
great accurac 3 '’, the dail 3 '’ variations do not exceed 3 to 4 flashes per second 
when the subject’s condition is not altered. There is a general definite 
decrease of the fusion frequenc 3 ’- with age as demonstrated by the average 
and maximum values of 47 subjects between 14 and 80 years, subdivided 
into four age groups. The high values found in about half of the subjects 
between 10 and 29 3 ^ears cannot be obtained in the older age groups, but 
on the other hand, in the 3 mung values as low as in the older age groups 
ma 3 ^ be obtained. Fift 3 ''-six experiments in 19 normal subjects showed 
'a regular decrease of the fusion frequency at the end of the working da 3 '-, 
pai-allel to the amount of work done and the subjective feeling of fatigue. 
This indicates fatigue of the central nervous system, because muscular 
fatigue could be excluded in the types of occupations investigated (t 3 ’’ping, 
laborator 3 ’- work, secretary work, etc.). If the flash frequenc 3 ’’ is in- 
creased beyond the usual fusion frequency, pro^dded that alternating 
current is used for the light source, a second flicker appears at higher 
frequenc 3 ’’ and after disappeaiing, another or a third flicker reappears at a 
much higher frequenc 3 L The second and third flicker is not influenced 
b 3 '' the intensit 3 ’^ of illumination, size of area illuminated or the relative 
duration of flashes. This leads to the conclusion that its perception must 
be due more to cerebral than to retinal processes. This is confirmed b 3 ’^ 
the fact that in six patients vdth cerebral lesions, but intact ocular struc- 
tures, the recognition of the second and third flicker was either abolished 
or markedly impaired. 

Effects of amphetamine sulphate and antuitrin-S on gastro-intestinal 
motility in the rat.^ Erma A. Sahth. Iowa State College, Ames. 
Doses of amphetamine sulphate ranging from 2 mgm. to 10 mgm. per 
rat were fed in 2 gram food pellets d 3 '^ed with Fe 203 . Forty animals 
sacrificed at intervals of 30 min. to 2 hrs. following administration of the 
drug showed delayed rate of passage of the food along the alimentaiy tract. 
Excrementometer readings using intact animals showed delay in time of 
first appearance of the dye in the feces. Isolated segments of colon and 
duodenum contracting in Sollman’s solution were inhibited by minimum 
effective doses and stimulated b 3 ’' larger doses added to the bath. 

^ Antuitrin-S was furnished by Dr. Oliver Kamm of Parke Davis and Co. Aided 
by a grant from the Committee on Scientific Research of the American Medical 
Association. 
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Antuitrin-S inhibited gastro-intestinal motility, even in minimum 
effective doses, when injected into live animals and when applied to 
isolated segments. 

The dispersion of glomerular activity in the normal and hypertensive 
Mdneyd Homer W. Smith, Hilmert A. Ranges (bj- invitation), 
Herbert Chasis (by invitation) and William Goldring (by imita- 
tion). Deyarlments of Physiology and Medicine, New York University 
College of Medicine, and the Third (New York University) Medical 
Division of Bellevue Hospital, Neio York City. 

So long as the load of glucose (pgCsn = plasma glucose cone. X filtration 
rate) to a particular nephron is less than the reabsorptive capacity of the 
attached tubule (tm^), glucose reabsorption is essentialty complete, but 
as soon as the load exceeds tm^ all excess glucose is excreted in the urine. 
Since pg is identical for all nephrons, one can determine the dispersion in 
the ratio: Cin/tm^ (= glomerular activity ratio), relative to the mean 
ratio (CiN/Tmc) for the entire kidneys, bj* “titrating” the kidne 3 ^s with 
glucose and noting the value of PcCiN/Tmo at which increasing numbers 
of nephrons become saturated. 

Repeated titrations of 10 normal, basal subjects show that the detectable 
limits of dispersion in Cin/tmg rarely exceed the extremes of 0.66 and 1.33 
of the mean. During renal ischemia elicited b.y orthostatic circulatorj" 
strain (tilt-table) the limits of dispersion are perceptibh^ widened, indicat- 
ing that the filtration rate is reduced in some glomeruli more than in 
others, apparentlj' bj’’ vasoconstriction on the afferent side- of the 
glomcmlus. 

Some hj’-pertensive subjects show dispersion outside the normal limits; 
the fact that Tmg in these subjects ma 3 ’^ be equal to or above the mean 
noi-mal value suggests that the increased dispersion is attributable to 
local occlusion on the afferent side and/or reduced glomerular permeability, 
rather than to local reduction in tmg. In other hypertensive subjects, 
however, the dispersion is within the normal limits. 

An attempt is being made to determine whether the increased dispersion 
occurs carty in the course of the disease and whether, therefore, it may be 
considered as causal, or whether it appears onb' after such a period that 
arteriolar or glomenilar lesions may have 1)een produced b 3 ’’ h 3 '^pertensive 
disease. 


Iron absorption in the absence of bile. Paul W. Smith and Lath an A. 

Crandall, Jr. Department of Physiology, College of Medicine, Uni- 
versity of Tennessee, Memphis. 

It has been frcquentl 3 ’^ suggested that bile is necessary for the absorp- 
tion of adequate amounts of iron from the intestine. Since most of the 
evidence for this view is of an indii'cct nature, we have applied a more 
direct method to a I'c-investigation of the problem. 

■More than 40 experiments have been completed, using 7 liilc-fistula, 
and 12 unoperated dogs. The bile fi.stulac were of the internal type, in 
which the gall bladder is joined to the pelvis of the kidney. Ferrous 
sulfate or ferrous gluconate were given oralb', and the inorganic iron 
content of the plasma was determined at intervals thereafter. Control 

’ Aided by n gnant from the Commonwealth Fund. 
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experiments on fasting animals showed that the iron content of consecutive 
plasma samples taken at 2 hour intervals either remains constant or 
decreases. A significant rise in the iron content of the plasma was there- 
fore considered indicative of absorption; the failure of such a rise to occur 
was interpreted as inliibited or delayed absorption. 

The rise of the plasma iron level following the administration of ferrous 
sulfate in dilute solution, by stomach tube, was of approximately equal 
magnitude in fasting bile-fistula and unoperated animals. In the fasting, 
bile-fistula animal, absorption of iron from a solution of ferrous gluconate 
was reduced b}’’ the addition of 100 cc. of mineral oil, and was almost 
complete^ suppressed bj’^ the addition of the same quantity of olive oil. 
Olive oil had no effect on absorption b 3 '^ fasting, unoperated dogs. The 
addition of 1 gram of ferrous gluconate dailj'^ to the regular diet caused an 
approximatelj’- equal rise of the plasma iron level in bile-fistula and un- 
operated dogs. 

Our experiments do not indicate that iron absorption from an average 
diet Avould be greatlj’- reduced in the absence of bile. 

Vocalization and other responses elicited by excitation of the Regio 
cingularis in the monkey. Wilbur K. Smith. Department of Anatomy, 
The University of Rochester, School of Medicine and Dentistry, 
Rochester, N. Y. 

Although various theories have been advanced concerning the function 
of the cingular region, its physiological status is unknown. The hterature 
reveals no experimental evidence as to its probable functional role. In 
stimulation experiments on monkeys (Macaca mulatta) it has been found 
possible to elicit responses the sum total of which amounts to emotional 
expression. 

Electrical stimulation of the rostral part of the cingular region (area 
24 of Brodmann) under very light anesthesia produces vocalized responses 
identical to those wliich the animal makes under ordinarj' conditions. 
The one most frequenth'’ elicited consists of a low guttural sound, emitted 
once if the application of the stimulus is of brief duration, but repeated 
several times if the stimulus is applied for a longer time. In some in- 
stances a sound of higher pitch is obtained. Vocalization may occur 
alone, but in its fulb'^ developed form it is part of a complex act simulating 
emotional expression, and is characterized by opening of the ej'^es, dilata- 
tion of the pupils, opening of the mouth, retraction or protrusion and 
rounding of the lips, and vocalization. Vlien the stimulus is applied 
the animal appears to awaken, Avhen it is discontinued the e 3 ’^elids close 
and the animal appears to fall asleep. Bilateral extirpation of the excitable 
area does not result in loss of the abilit 3 ’- to vocalize. 

Respiration changes markedl 3 ’^ in character during the vocalized response, 
but in addition to this change, stimulation has a pronounced inhibitoiy 
effect upon respiration in the absence of vocalization. Furthermore, 
excitation often produces a marked inhibition of movements of the ex- 
tremities, an 3 ^ movement in process of execution is stopped, and relaxation 
of the muscles ensues. A striking demonstration of the inhibitoiy power 
of this area is evidenced b 3 ^ the finding that the strugghng which ordinarily 
ensues when the ether cone is applied to the lightty anesthetized animal 
is completely prevented or abolished b 3 ' application of the stimulus just 
before the anesthetic is appfied. 
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In addition to the cingular region, vocalization has been obtained from 
the region of the uncus, from the hypothalamus b}’ excitation of the wall 
of the third ventricle, and from the mesencephalon. 

Inhibition of bladder contraction by the cerebral cortex. Wilbur K. 

Smith and George C. Whitney (b}’^ invitation). Department of 

Anatomy, The University of Rochester, School of M edicine and Dentistry, 

Rochester, N. Y. (Read by title.) 

Electrical excitation of a cortical area on the orbital surface of the 
frontal lobe in the cat has previously been shown to produce marked 
inhibition of respiratoiy movements and rise of arterial pressure (Smith, 
1938), and decrease of tonus in the gastric musculature (Bailey and 
Sweet, 1940). Further stud}’ of the responses of this area shows that it is 
able to exert a powerful inhibitoiy effect upon the bladder. 

Expeiiments were performed on adult non-pregnant female cats lightl}' 
anesthetized with ether. Intravesical pressure was measured by means 
of a straight glass tube manometer connected to a catheter inserted into 
the bladder through the urethra, the catheter being sufficiently small to 
permit voiding during relaxation of the sphincters. WaiTn Ringer’s 
solution was used to distend the bladder to a degi'ee sufficient to cause 
spontaneous contractions. Kymographic records were made by con- 
necting the open end of the manometer to a Marey tambour. 

Spontaneous micturition under these conditions usuallj’' is preceded 
b}'' small rises of pressure gradually increasing in amplitude and frequency 
over a short period. These are followed by an abrupt elevation of pressure 
rapidly attaining a peak, which is sustained for some seconds during which 
fluid begins to escape. The sustained nse is followed by a further loss 
of fluid and fall in pressure usuallj’- occurring in steps over a period of 
.several seconds. 

Stimulation of the inhibitory ai'ea during the initial small rises of pres- 
sure leads to their temporar}’’ abolition. Application of the stimulus 
during the main rising phase preceding the relaxation of the sphincters 
usually causes the pressure to return to or below the former resting level. 
Stimulation applied after the peak pressure has been attained markedly 
.shortens the duration of the su-stained rise. If stimulation is continued, 
the decline in pressure without the escape of fluid is rapid, and the step- 
like character of the decline is absent, indicating inhibition of the stretch 
reflex. Under these conditions the pressure may fall below the preceding 
resting level. Simultaneous recording of respiratory movements and 
intravesical pressure indicates that alterations in the two arc independent. 

Glomerular filtration and renal blood flow in the rabbit. Willie Yi . 

Smith (introduced by Homer W. Smith). Department of Zoology, 

Smith College, Northampton, Mass., and Mi. Desert Island Biological 

Laboratory, Salshnry Cove, Me. 

Follo\rfng methods developed by H. W. Smith and associates, rates of 
glomerular filtration and renal blood flow were simultaneously determined 
for rabbits under basal conditions and with mannitol diuresis, and relation- 
ships which would result from changes in afferent resistance alone, or in 
efferent resistance alone, were derived. 

In ba.«.al experiments no correlation was apparent between filtration 
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rate and urine formation. This is not in agreement with the data of 
Kaplan and Smith, but a reexamination of their expeiiments leads us to 
suggest that the low filtration rates for low urine volumes might have 
been due to effects of excessive hydration. In mannitol diuresis the 
filtration rate averages 38 per cent above the mean control figure, but 
wthin the group there is no correlation between filtration rate and mine 
formation. 

Individual rabbits vaiy in the relationship between filtration rate and 
blood flow. In general, an increase in blood flow is accompanied by an 
increase in filtration rate, the filtration fraction remaining nearly constant. 
This indicates that both afferent and efferent arterioles participate in the 
control of the glomerular circulation, afferent contribution being more 
marked at relatively low blood flow. In mannitol diuresis both blood 
flow and filtration rate are increased but the filtration fraction tends to fall. 

One animal had previously undergone unilateral nephrectomy, which 
resulted in hypertrophy of the remaining kidnej’'; in this rabbit the relation- 
ships between filtration rate and blood flow were like those of a normal 
rabbit. 

Attempts to induce hyperemia by the use of pyrogenic inulin were 
unsuccessful. 

The enterohepatic circulation of bile pigment. E. F. Snapp and A. L. 

Berman (introduced by K. Iv. Jones). Departme7it of Physiology and 

Pharmacology, Northwestern University Medical School, Chicago, III. 

Investigation of tliis problem was undertaken because of the con- 
flicting evidence regarding the existence of an enterohepatic circulation 
of bile pigment. 

Chronic bile fistula dogs of the Rous-Mchlaster and the suction-biliary 
duodenal type were used to stud}’’ the absorption of purified bilirubin 
from the intestine, the normal variations in pigment output, and the 
effects of bile salt preparations and whole dog bile upon pigment output. 
In acute experiments we studied the lymphatic absorption of bilirubin 
from the intestine. 

The dogs were fed a standard measured diet, and except for control 
periods of 3 to 5 days were maintained on bile salt preparations or whole 
bile given at each meal time. The bile salts preparations which were given 
in 3 or 5 gm. doses daily were ox-bile salts and oxidized bile acids. Whole 
bile was returned to the dogs on suction through a tube into the duodenum. 

The average daily pigment output was 9.7 mgm. per kilo, body weight. 
The daily output varied as much as 40 per cent from the mean in the dogs 
on bag collection and as much as 25 per cent in the dogs on suction. When 
bile salt preparations were administered there was no significant increase in 
the total pigment output. When whole dog bile was returned into the 
intestine, the average dail}’’ pigment output was increased 40 per cent. 
When commercial preparations of pure bilirubin were given to chronic 
biliary fistula dogs, there was no increase in the daily total pigment and 
bilirubin output. In 8 expeiiments, when pure bilirubin plus gall bladder 
bile was placed in the duodenum, only minute quantities could be found in 
the thoracic duct lymph. 

Thus, commercial preparations of pure bilirubin were not absorbed, 
whereas when whole bile was given the pigment output was significantly 



P454 


AMERICAN PHYSIOLOGICAL SOCIETY 


increased. This is probably due to the difference between the chemical 
and physical properties of the pure bilirubin and the bilirubin as it occurs 
in bile. 

Extensor rigidity in cats produced by simultaneous ablation of the anterior 
lobe of the cerebellum and the pericruciate areas of the cerebral hemi- 
spheres.^ Ray S. Snider (bj-^ invitation) and Clinton N. Woolsey. 
The Johns Hopkins University, School of Medicine, Baltimore, Md. 
Since Sherrington’s (1896) description of decerebrate rigidity, it has 
been knoum that electrical stimulation of the anterior lobe of the cerebellum 
inhibits decerebrate posture. Bremer (1922) and Bremer and Lej’- (1927) 
.showed that ablation of the anterior cerebellar lobe produces increased 
extensor tonus and increased positive supporting reactions in normal cats 
and pigeons, and an augmentation of rigidity in premousl}’^ decerebrated 
cats. Fulton and Connor (1939) foimd that ablation of the anterior lobe, 
exclusive of the lingula, causes in dogs and monke3’-s “increased tendon 
reflexes, pronounced lengthening and shortening reactions and gross 
exaggeration of positive supporting reactions.” Studies on the role of 
the cerebral cortex in the control of posture have demonstrated that 
bilateral ablation of pericmciate cortex in carnivores produces extensor 
rigidity, comparable in degree noth that of decerebrates. It is best seen 
when the preparation is suspended. (Sec Bard, Maclcod’s Physiology, 
1941, p. 136.) 

We have simultaneousty ablated the anterior lobe of the cerebellum and 
the pericruciate areas of both cerebral hemispheres of the cat and have 
obtained a preparation in which apparently the separate effects of the 
cerebral and the cerebellar ablations are summated to produce an in- 
tensety exaggerated antigra\dty attitude. The result is a pillar-like 
rigidity of all four limbs, to which extensors, flexors, abductors and ad- 
ductors contribute. A similar increase of activity occurs also in the dorsal 
and ventral muscles of neck, trunk and tail. The effect of the antigravity 
muscles exceeds that of the flexors and the result is an exaggerated cari- 
cature of standing with fore- and hindlimbs rigidlj'^ extended, elevation 
and retraction of the head, arching of the back and elevation of the tail. 
The attitude maj' persist ^^■ith little diminution in intensity for several 
da.ys, (acute sterile prcparation.s). iNIuscles stand out in relief beneath 
the skin and exhibit such marked enhancement of stretch reflexes that 
reflex contractions may be elicited easity 63' tapping the muscles. 

The preparation is being used in a stud3' relating muscular activity to 
muscular atroph3L 

Teledeltos paper polygraph. ,1. M. Snodgrass (introduced b3’^ Charles G. 
Rogers). Oscillograph Laboratory, Department of Psychology, Oberhn 
College, Oberlin, 0. (Demonstration.) 

The Teledeltos potygraph gives a jet black, permanent record without 
the use of ink. /\n3’ dc\dce capable of recording on smoked paper will 
operate satisfactorih'. The “Teledeltos” paper will record from an almost 
imperceptible speed to a speed high enough to resolve a 10,000 C3’^cle wave. 

A glow lamp record and demonstration of muscle function in movement. 
.J. IM. Snodgr.\ss and G. F. Mahi.. (introduced b3'’ Charles G. Rogers). 
Oscillograph Laboratory, Department of Psychology, Oberlin College, 

* Sponsored by The National Foundation for Infantile Paralysis. 
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Oherlin, 0. (Motion picture demonstration.) 

The action potential output from cutaneous pad electrodes is amplified; 
and the amplifier output connected to neon glow lamps placed on the 
muscle or moving member. The electrical phase of the contraction lights 
its neon lamp. This is a convenient application of action current record- 
ing for the study of posture and phasic movements. The technic is 
applicable in checking after therapj’- of poliomyelitis cases, and other 
forms of muscular insufficiency. 

Mammalian muscle action potentials of less than a millisecond. J. M. 
Snodgrass and R. W. Sperry (introduced by Hallowell Davis). Oscil- 
lograph Laboratory, Department of Psychology, Oherlin College, Oherlin, 0. 
Muscle action-potential pulses having time relations approximating 
the discharges in mammalian motor nerve fibers have been obtained from 
human subjects. The potentials may be picked up from the extensor 
communis digitorum by either concentric needle electrodes or cutaneous, 
pad electrodes. The potentials are characterized bj’- a “spike” potential 
of approximately 0.4 msec, duration, followed by a relatively slow “nega- 
tive after-potential” lasting from 1.5 to 3 msec. For detailed analysis 
the action potentials are recorded opticall}'’ as a sound track on 35 mm. 
sound fihn. The recording is transcribed using sound-film speeds from 
the recording speed to 1/100 of the recording speed. A photo-electric 
pickup is used in transcribing. A direct-coupled amplifier connected to 
the photo-electric pickup operates a Westinghouse oscillogi-aph. At a 
foot and a half per second, a sound film resolves 20 impulses per milli- 
second. This “slow transcription system” extends a millisecond to 5 cm. 
or more with high precision. Both the time-axis and the amplitude may be 
independently expanded. This same technic can be used with an instan- 
taneous disc recording. By this flexible technic the summation of the 
action-potential pattern has been closel}’’ followed. 

Differences of rates of flow through portal and venous systems of the 
liver xmder various conditions.^ Charles D. Snyder and Frank H. 
Tyler {hy invitation). Department of Physiology, Johns Hopkins 
University, School of Medicine, Baltimore, Md. (Read by title.) 

The hepatic venous musculature of Pseudemys elegans as sho'wn by 
Tyler (The Anat. Rec. 1941, in press) has a “sluice-mechanism” resembling 
that of the dog. The walls of portal venules and sinusoids are thin and 
devoid of muscle, while few, widely scattered muscle cells are found in the 
walls of the portal vein itself. The lobular arrangement of parench 3 ’^ma, 
bUiaiy and arterial Avails resemble human liAmr. 

Observations of simultaneous flow-rates through portal and hepatic 
paths under a variety of conditions hav^e been made. All findings are 
reduced to standard terms of Amlume flow per unit time per unit weight of 
organ. 

A demonstration of differences in effects of Amgal and splanchnic nerv'e 
stimulation, or of autonomomimetic drugs, upon initial responses of both 
inflow and outfloAV rates, (1) in latencies of initial response, (2) in time to 
maximum of initial response should jueld answers to questions as to v^hich 
of the \’’enous systems are affected and as to the nature of the effects. 

In response to acetyl choline, mean duration to midpoint of maximal 

1 Aided by a grant from the Rockefeller Foundation Fluid Research Fund. 
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initial response is twice as long in the inflow rate as it is in the outflow rate. 
This indicates the effect is due to the hepatic venules which, constricting 
peristaltic-wise from central to peripheral regions, produces brief, enormous 
increase in hepatic outflow. This constriction sets up immediate resistance 
to inflow. During hepatic vein constriction, inflow head of pressure 
remaining constant, dilatation of sinusoids and portal veins (whose walls 
are thin and provided with elastic tissue fibers) follows. Decrease in 
inflow, therefore remains less than increase in outflow. When hepatic 
veins relax, this accumulating portal fluid suddenly finds outlet; rate of 
hepatic outflow increases rapidly or slowly, according to dose of drug, 
until rates of flow approach again initial levels. Out of 9 livers studied 
one only did not follow this pattern of behavior as just described. 

The effects of epinephi-ine on vascular response are like^vise analyzed; 
then* nature is not so clear, but ^vill be discussed, as will also the latencies 
of initial responses. 

A comparison of the effects of upper and lower motor neurone lesions on 
skeletal muscle.^ D. Y. Solandt and J. W. Magladery (by invita- 
tion). Departments of Physiology and of Physiological Hygiene, Uni- 
versity of Toronto, Toronto, Canada. 

Experiments were performed on albino rats in which denervated gas- 
trocnemius muscles were compared with those deprived of their upper 
motor neurone control by spinal cord section. In the majority of the 
experiments the cord was sectioned about the level of the 6th thoracic 
vertebra and the sciatic nerve on one side was cut. The denervated 
muscles showed the typical fibrillation while those deprived of upper 
motor neurone control showed hyperexcitability, some spasticity, but no 
activity resembling fibiillation. For the first two weeks the atroph}’^ in 
the two types of muscles was of approximately the same degi’ee. In both 
cases the muscles were reduced to about half their calculated normal weight 
at the end of this time. When left for longer periods the denervated 
muscles continued to atrophy ■while the spastic muscles started to regain 
weight. 

Two Aveeks after sciatic nerve section the denervated muscles were 
found to react to less than one one-millionth the quantity of intra-arterially 
injected acetylcholine Avhich would just produce a response in normal 
muscle. Similarly tested two weeks after cord section the spastic muscles 
responded to only one one-hundredth the dose of acetylcholine Avhich was 
effective for normal muscles. In these latter muscles the sensitivity to 
acetylcholine tended to return towards normal as the muscles regained 
weight. 

The activated collodion membrane and its electrochemical behavior. 
Karl Sollner, Irving Abrams and Charles W. Carr (introduced 
by M. B. Visscher). Department of Physiology, University of Minne- 
sota, Minneapolis. 

It was reported briefly (Sollner and Abrams, J. Gen. Physiol. 24: 1, 
1910) that collodion membranes prepared from pure collodion do not 
show the characteristic electrical phenomena reported Ijy previous authors. 
We could not duplicate, for example, the high concentration potentials 

’ Sponsored by the National Foundation for Infantile Paralysis, Inc. 
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with dried membranes (Michaelis) and strong anomalous osmosis with 
porous membranes (Loeb, Bartell). It was shown (Sollner, Abrams and 
Carr, J. Gen. Physiol., 24 : 467,1941) that the electrochemical behavior of 
collodion is caused substantiallj’' by partial oxidation, specific ion adsorp- 
tion plajdng only a minor role. The charge densitj’- at the collodion 
surfaces, determined by the number of COOH-groups of the different 
preparations, is the ultimately decisive factor. This charge density 
maj'- be vastlj^ increased by proper oxidation. Suitable oxidizing agents 
are sodium and calcium hypochlorite and particularly sodium hypo- 
bromite. In addition, collodion may be activated by treatment with 
strong aUcaUes, because it undergoes progressive decomposition of an 
oxidative natm’e in contact with alkaline solutions. 

The behavior of the membranes towards nonelectrolyte solutions is 
practically identical before and after oxidation. We have reason to 
beheve, therefore, that their spacial structure is hardly affected by oxida- 
tion. Their behavior towards electrolytes is changed completely by 
oxidation. With dried membranes the concentration potential reaches 
the thermodynamicallj'' possible maximum and anomalous osmosis is 
extreme^ marked with the porous membranes. 

The Meji’er and Sievers theory of electrochemical membrane behavior 
(Helv. Chim. Acta 19 : 649, 665, 1935), predicts appreciable base exchange 
capacities for membranes ha\dng medium or high electrochemical activity. 
The experimental values obtained b}’^ careful analytical and electro- 
metrical determinations are lower by several orders of magnitude than 
those calculated according to the Meyer and Sievers theory. In the 
authors’ opinion, the irregular shape of the pores could readUy account 
for this discrepancy. The electrochemical properties of membranes are 
determined by the properties of individual spots within the pores, rather 
than by (calculated) average values. 

The relation between the phosphate changes in blood and muscle, follow- 
ing dextrose, insulin and epinephrin administration. Samuel Soskin, 
R. Levine (bj'^ invitation) and 0. Hechter (by invitation). Depart- 
ment of Metabolism and Endocrinology, Michael Reese Hospital, and 
the Department of Physiology, University of Chicago, Chicago, III. 

The administration of dextrose, insulin and epinephrin respectively to 
normal animals causes a fall in the inorganic phosphate of the blood. 
Insulin and epinephrin also result in a coincident rise in the hexose mono- 
phosphate content of the muscle. It has been assumed that the dis- 
appearing blood phosphate enters the muscle together with blood glucose. 

A comparison of the effects obtained in normal, depancreatized and 
adrenalectomized animals has revealed the fact that the blood and muscle 
phosphate changes are not directlj'^ related to each other. The fall in 
lilood inorganic phosphate is not reflected in the total phosphate content 
of the blood, and is probably due to an esterification within the red blood 
cells. Insulin decreases the blood inorganic phosphate under all circum- 
stances, while dextrose and epinephrin fail to do so unless insulin is present. 
On the other hand, epinephrin increases the hexose monophosphate con- 
tent of muscle under all circumstances, while insulin fails to do so unless 
epinephrin is present. The usual observation of both blood and muscle 
effects vfith insulin and epinephrin in the intact normal animal, is due to 
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the- reflex evocation of the secretion of one gland by the effects of the 
hormone of the other. 

The action of insulin in esterifjdng blood inorganic phosphate, is con- 
sidered in relation to the general action of insulin on carbohj^drate 
metabohsm. 

The initial stabilization period of the perfused frog heart. C. R. Speal- 

MAN. Department of Physiology and Pharmacology, Medical College 

of Virginia, Richmond. 

During the first period of perfusion, the rate of beat of the frog heart 
gradually decreases and finally reaches a stable level. The amplitude of 
contraction also decreases during this period; but this effect may be masked 
pai’tially because of the changes in rate. 

I have assumed that the above effects may be due to the liberation 
of sympathin from sjunpathetic nerve endings stimulated by the sudden 
change in environment from blood to Ringer’s solution. The experimental 
results described below support this hypothesis. Experiments to deter- 
mine if an active substance is liberated during the stabilization period. These 
were so designed that the perfusate of a heart during this period could be 
passed directlj’’ through a second (stabihzed) heart, with minimal delay 
and no disturbance to the perfusion of the second heart. In 8 experi- 
ments, the amplitude of contraction of the second heart was increased 
15 to 70 per cent by the perfusate from the first heart during its stabiliza- 
tion period. The rate of beat of the second heart was occasionally 
markedly increased. Three control experiments showed that no active 
substance is liberated by a stabilized heart. The active substance liber- 
ated during the period of stabilization loses its activity rather rapidly. 
In 3 experiments, the perfusate was inactive after 45 minutes. Experi- 
ments designed to prevent the action of any liberated sympathin. Frogs (4) 
were injected with 1 cc. of a 0.1 per cent solution of ergotoxine ethane- 
sulfonate in alcohol. Control frogs (4) received 1 cc. of alcohol. The 
follomng table gives the average of the heart rate values in beats per 
minute at 15 minute intervals from the beginning of perfusion for these 
experimental and control hearts. 


! 


TIME IN MINUTES 



0 

15 

30 

45 

GO 

.Average heart rate (e.\p.) 

40 

40 

39 

37 

36 

.Average heart rate (con.) 

58 

51 

45 

I 

41 

40 


The table indicates that the typical period of stabilization is prevented 
by ergoto.xine. It was also shown with 3 hearts that this treatment with 
ergotoxine temporarily abolishes or greatly diminishes the response of 
the heart to epinephrine. 

Convulsive reactivity in hypercholesteremia.* E. Spiegel and H. Wycis 
(by invitation). Department of Experimental Neurology, D. J. McCarthy 
Foundation, Temple University, School of Medicine, Philadelphia, Pa. 
(Read by title.) 

‘ Aided by a pniiil of the American Medical Association, Committee on Scientific 
I{e.«earch to E. S. 
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In view of experimental and clinical , reports indicating a possible im- 
portance of cholesterol for the convulsive reactivity, hj'percholesteremia 
was produced in rabbits by oral application of 1.5 grams cholesterol 3 
times a week, b}'' intraperitoneal injection of a 3 per cent emulsion in 
olive oil (3-5 daily injections of 5-7 cc. per kilo bod}-- weight), or by in- 
travenous injection of 1.5 per cent colloidal solution of cholesterol in 
water. The convulsive reactivity was determined by electric stimulation 
with the skull intact as pre^dously described (Spiegel. J. Lab. and Clin. 
Med. 22: 1274, 1937). A definite change of the threshold failed to appear 
in all these experiments even if the level of the serum cholesterol was 
raised as high as 875 mgm. per 100 cc.; the changes in the duration of 
the convulsions were also insignificant. 

Quantitative relationship between polarizability and permeability.^ 
M. Spiegel-Adolf (b}'- invitation) and E. Spiegel. Departments of 
Colloid Chemistry and of Experimental Neurology, D. J. McCarthy 
Foundation, Temple University School of Medicine, Philadelphia, 
Pa. (Read by title.) 

In former experiments a method for studying the polarizability of 
tissues was described and used on the brain (J. Neiw. Ment. Dis. 90: 188, 
1939). Studies on artificial membranes (Spiegel- Adolf. J. Gen. Physiol. 
20: 695, 1937) indicated that polarizability is related to permeability; 
a further quantitative study of this relationship on a simple biological 
object seemed, however, desirable. On preparations from the skins of 
winter frogs studies of the electrol 3 rte permeability (dialysis of N NaCl 
from the outer surface against 5.4 per cent dextrose solution on the inner 
surface) and of the polarizabihty were made. The polarization index A 
was determined before and after each dialysis experiment (A = 100 
(Ch — Ci)/Ci; Ch = conductivity across the membrane in Ringer solution 
at 5120 cycles; Ci = conductivity at 547 cycles). 

A series of such successive measurements of permeability and polarizabil- 
ity was performed during the gradual deterioration of the skin, and the 
permeability values (milligrams of NaCl diatysed in 50 minute inter\rals as 
determined by conductivity measurements) were plotted against the 
corresponding mean A values. The resultant graph showed a straight 
line relationship between these two values. In a similar way a relationship 
between the permeability for a non-electrolyte (urea plus dextrose against 
dextrose) and A could be demonstrated using interferometrj' for determina- 
tion of the amount of urea dialysed. Furthermore the polarization index 
of the skin could be determined by placing platinum-Ringer electrodes 
(Pt wore immersed in a glass tube filled ^vith Ringer solution and closed 
by a cellophane membrane) on its outer surface, and it could be demon- 
strated that decrease of the A values obtained by this method is also 
associated with increase of the electrolyte penneability of the skin. These 
experiments seem to give further evidence that changes in permeability 
of cellular surface films may be indirectl}' determined by measurement 
of the polarization index. 

Further studies on the effects of chemical inhibitors on the respiration 
of resting and caffeinized frog muscle. J. N. St.^nkard. School of 
Medicine, Emory University, Ga. (Read by title.) 

‘ Aided by a grant from the American Medical Aasociation, Committee on Scien- 
tific Research to E. S. 
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In an earlier publication (Am. J. Physiol. 126: 196, 1939) it was pro- 
posed, on the basis of differential sensitivity to azide and cyanide, that 
the resting and “activity” respirations of frog muscle were qualitatively 
distinct, and that the cjdochrome-cjdiochrome oxidase system functioned 
only after electrical or chemical stimulation. The present study is con- 
cerned vdth the action of several additional chemical inhibitors on O 2 
uptake of resting muscle and muscle whose resphation was stimulated bj”^ 
caffeine in sub-contracture doses. The results in general are consistent 
vdth the quahtative fractionation proposed earlier. 

Sodium arsenite had no effect at 0.002 M on resting resphation until 
the third hour. The increase in resphation induced by caffeine was 
largely eliminated -within two hours if arsenite was added to caffeinized 
muscle, or prevented if caffeine was added to arsenite-treated muscle. 
At 0.01-0.02 M the caffeine increment was eliminated in one hour; the 
resting respiration decreased about 20 per cent. 

With NaF, at 0.01 to 0.17 M, the resting respiration was either in- 
creased shghtly or not affected for two hours while "the extra O 2 uptake due 
to caffeine was reduced to zero within this interval. Fluoride-treated 
muscles did not respond to added-caffeine. Similar results were obtained 
with hydroxjdamine. 

Sodium pjTophosphate (0.02-0.04 M) did not interfere with either 
fi’action of the respiration. 

The “copper inhibitors,” thiourea, diethyl dithiocarbamate, and potas- 
sium ethjd xanthate, either increased or caused no significant alteration 
in the resting respiration. At relatively high concentrations (0.01-4).03 M) 
thej’’ brought about complete inhibition of the caffeine increment in about 
three hours. These concentrations approximate those used by Graubard 
on uterine muscle and his enzyme preparation, but are considerably 
higher than those necessaiy to inhibit some other copper catalyses. In 
view of the high concentrations and length of time required for action 
judgement is witliheld as to whether or not this represents specific inhibi- 
tion of a copper-containing enz 3 Tne in frog muscle. 

With the inhibitors thus far employed continuation of the resting 
respiration was not dependent upon the maintenance of in’itability. 

The relation between production of electrical energy and the oxygen 
consumption in surviving frog sldn. Paul Staff (introduced by Ancel 
Keys). Laboratory of Physiological Hygiene, University of Minnesota, 
Minneapolis. 

By means of an iodine coulometer of low electrical resistance and 
minimum polarization at current densities measured, the quantity of 
current in the external circuit of survdving frog skin was measured for 
intervals of 30 minutes to three hours. Simultaneous determinations of 
potential and of oxygen consumption bj' the Winkler technique were 
carried out. From the ratio of calorie equivalent of joules of electricity 
in the cxteraal circuit to calorie equivalent of oxygen consumed for a 
given re?piratoi-\' quotient, it wiis possible to determine the efficiency of 
electrical energj' production in the external circuit of the skin. Forty- 
seven determinations totalling 120 hours gave values averaging 1.3 per 
cent for one and two hour determinations and 2.3 per cent for half hour 
determinations; The efficiency of total electrical energy production i.s 
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in the order of magnitude of 5 or 6 per cent. Further evidences for a 
relationship between respiratory processes and electrical energy produc- 
tion are presented by the effect of varying oxygen tension and by the 
accumulation of electrical energy during 8 to 10 hours of exposure to 
saturated air. 

The effect of insulin on the respiration of human diabetic muscle. F. J. 
Stare (by imdtation) and H. T. Ricketts. The School of Medicine 
and the Department of Medicine, University of Chicago, Chicago, III. 
The respiration of minced human muscle obtained by biops 3 ’‘ of the 
gastrocnemius under local (subcutaneous) anesthesia was studied in the 
Warburg apparatus in a glucose-Ringer-phosphate buffer at a pH of 7.4 
and temperature of 38°C., vdth and without the addition of insulin. 
The tissue was minced m a special micro-Latapie apparatus. The subjects 
used were: severelj*^ diabetic patients who were normally sensitive to 
insulin clinicall 3 ’-; diabetic patients who were resistant to insulin; and 2 
acromegalic diabetics who required large doses of insulin. For control 
experiments, samples of skeletal muscle were taken from individuals 
without metabolic disease who were operated upon for other reasons. 

The Q 02 of the unsupplemented muscle from most diabetic patients 
did not differ from that of normal muscle. In the tissue from the “insulin 
sensitive” diabetics, insulin alone, or in one case only after the addition of 
fumarate, caused an increase of about 40 per cent in the respiration. 
This insulin effect was not obtained in muscle from the “insulin resistant” 
diabetics, from the acromegalic diabetics or from noimal persons. 
Fmnarate increased the respiration of normal and diabetic muscle but 
not that of muscle from the one of the patients with aci’omegab'’ and 
diabetes. 

■^Tien 0.02 M p 3 TUvate was substituted for glucose in the buffer, no 
effect of insulin on the ox 3 'gen uptake was observed. Fumarate, however, 
markedly increased muscle respiration in the presence of p 3 Tuvate. 

The vertical ballistocardiograph; changes in the cardiac output on assum- 
ing the erect posture, with a further theoretical study of the blood’s 
impacts. Isaac Starr and A. J. Rawson (b 3 ’' invitation). Depart- 
ment of Research Therapeutics, Universily of Pennsylvania, Philadelphia. 
The impacts of the circulating blood have been recalculated by a method 
taking better account of vessel curvature and other anatomical features. 
The results are much like our first approximation, i.e., the shape of the 
ballistic record is accounted for and the size also, within the limits of 
accuracy of the assumptions. 

A second ballistocardiogi-aph has been constructed; the vertical move- 
ments of a light platform, suspended from a rigid frame b 3 ’' flat steel 
springs, are magnified and photographed. Adjusted to the same calibra- 
tion as the horizontal instrument (Am. J. Physiol. 127 : 1, 139) its vibration 
frequency is faster when both are weighted with iron. n 

To avoid serious interference from vibrations in the building, the vertical 
instrument is mounted on steel plates weighing 480 lbs. supported on one 
edge by rubber-like material, on the opposite edge by a row of tennis balls. 

The records obtained from normal subjects standing are practically 
identical with horizontal ballistocardiograms but they are more subject to 
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distortion from interfering vibrations, especially those arising from muscu- 
lar tremors. Weak patients usual^’' tremble sufficiently to ruin the record. 

Subjects have been tested after 15 minutes rest horizontal, and then 1 
and 2^, or 2J and 5 minutes after arising, the duplicates agreeing well in 
most subjects. 

Three trained subjects were tested repeatedly and the vertical cardiac 
outputs per minute averaged 84, 93 and 84 per cent of their horizontal 
values. The first subject was tested on 9 da 3 "s at intervals throughout the 
y 

3 ’^ear, the .g: ratio ranging from 88 to 79 per cent, the low value occurring 
±1 

in July, In the other subjects, tested less frequentlj’^, the ratio ranged 
from 108 to 80 per cent and 100 to 81 per cent respectively’-. 

In twenty thi-ee medical students tested for the first time during class 
exercises, the average standing circulation was identical -ndth that Ijdng, 
In certain patients, often those vnth synnptoms on assuming the erect 
. . V 

position, the =. ratio exceeded anything encountered in healthy’^ persons, 
H 

and this abnormafity could sometimes be corrected by an abdominal binder. 

The drug paredrine produced supernormal g. ratios in each of 4 health}'- 

xl 

subjects. 

Observations on the rate of volume change of the colon following the 
administration of magnesium sulphate and fluid enemas. F. R. Steg- 
GERBA and H. E. Essex. Department of Physiology, University of 
Illinois, Urbana, and The Mayo Foundation, Rochester, Minn. 

Studies were made on dogs, whose colons had previous^’ been made 
opaque to x-ray’s by’- injecting thorotrast into the walls. X-ray plates 
were taken and volume changes calculated of the colon follovdng the admin- 
istration of magnesium sulphate and water enemas. 

Dogs vdthout food for 18 hours showed a marked increase in colon size 
following the administration of magnesium sulphate (-| gram per kilo) by 
stomach tube. The measured volume change showed that the colon 
increased in size approximately’ 200 per cent before defecation took place 
5|- hours after the administration of the cathartic. If the animals were 
fed 4 hours previous to the administration of similar doses of magnesium 
sulphate, defecation took place in 21 hours with a colon size increase of 
100 per cent. 

That the major effect of the colon distention is related to the empty’ing 
of the small intestine is shomi by’ the observation that when similar doses 
of magnesium sulphate are given by' enema, less than a .50 per cent increase 
in colon size is recorded with no defecation. 

Studies on the rate of absorption of water from the colon were also made, 
by taking a series of pictures of colon size following the administration of 
known volumes of water into the empty’ colon. The absorption of water 
was found to be at a uniform rate wdth the average absorption calculated 
to be 78 cc. per hour. 

Modification of pancreatic response to secretin by urine and urine concen- 
trates.* Ir\'tng F. Stein, Jr. (by’ invitation) and Harry Greengard. 

* Aided in p.'irt by a gr.int from the .Tostnh Macy, Jr. Foundation. 
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Department of Physiology and Pharmacology, Northwestern University 

Medical School, Chicago, III. 

Following the demonstration of a secretin-inactivating enzjmie in blood 
serum, attempts were made to identify this principle in the urine. When 
samples of untreated and of dialyzed normal urine were incubated with 
secretin, an inactivation of the secretin occurred; and such inactivation did 
not take place when the urine was previously boUed and cooled. The 
findings were similar in the case of dialyzed urine concentrated bj’- vacuum 
distillation and acetone precipitation, and with urogastrone concentrates 
prepared b}' the method of Gray and co-workers. However, these concen- 
trates were also found to decrease the responsiveness of the pancreas to 
secretin for some time after their injection; they also caused a decrease in 
the continuous pancreatic secretion elicited by injection of secretin at a 
constant rate. This was the case in both unboiled and boiled preparations. 
Apparently the urine contains two factors — a thermolabile one which acts 
on secretin and may be identical vdth the secretinase detected in blood 
serum, and a thermostable one which directlj'^ affects the secretory actiidt}'' 
of the pancreas. 

Observations on the dynamics of experimental pulmonary embolism.^ 

F. S. Steinitz (by invitation), R. S. Megibow (by invitation) and L. N. 

Katz. Cardiovascular Department, Michael Reese Hospital, Chicago, III. 

The mechanism of death and the circulatory changes following major 
and multiple minor experimentally produced pulmonaiy embolism have 
been investigated in 14 normal anesthetized or trained unanesthetized dogs 
by directl}'- measuring the pulmonary and the sj^stemic arterial blood 
pressures with Hamilton manometers, the sj'^stemic venous pressure with a 
water manometer, the heart rate and the i-espii’atory rate. A modification 
of the London cannula was employed to obtain the pulmonary arterial 
pressure. 

These studies indicate that major and multiple minor pulmonaiy em- 
bolism is followed by the abrupt and persistent development of systolic 
and diastolic pulmonary l^pertension. The degree of hypertension ap- 
pears to depend upon the extent of mechanical obstruction to the blood 
flow through the lesser circuit. Sj’^stemic arterial blood pressure changes 
are not striking. The systemic venous pressure most frequently rises, 
rarelj’- it falls or shows no change. Alterations in cardiac rate are in- 
constant. Ventricular fibrillation appears terminally in an occasional 
animal and may account for a number of clinical cases of so-termed “sud- 
den death,” following pulmonary embolism. Rapid respiration develops 
usuall.y coincidentally mth or soon after the appearance of pulmonar}’- 
hypertension and tends to increase progressively. Usually, progressive 
cyanosis accompanies the respiratory changes. 

These experiments lend little support to the theoiy of reflex coronaiy 
vasoconstriction as a cause of death, since mechanical factors are in them- 
selves adequate to explain the possible changes in coronary circulation. 

The cause of death in experimental pulmonaiy embolism appears to be 
due to a rapid or a gradual failure of the right heart, brought about by the 
pulmonary arterial or diffuse arteriolar obstruction; so called hypokinetic 
circulatoiy failure being in reality rapid right heart failure. 

* Aided the A. D. Nast Fund for Cardiac Research. 
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The effect of narcotics on the resting and activity oxygen consumption of 

frog muscle. Joseph R. Stern (by invitation) and iSiinneth C. Fisher. 

Departyneni of Biology^ University of Toronto, Toronto, Canada. 

From the quantitative effects of ethyl on the respiration of several types 
of cell it is possible to show that the total respiration is composed of two 
discrete parts (Fisher et al., abstracts in Biol, Bull, Oct., 1940). 

The “acthdty” of cell division in j’-east and in fertilized sea urchin eggs, 
and the production of light by luminous bacteria, appear to be associated 
with only one of the two systems. In view of the similar separation of a 
resting from an activit}'- oxygen consumption in frog muscle from the 
effects of azide (Stannard. Am. J. Physiol. 126: 196, 1939) it was of interest 
to examine the effects of narcotics on muscle respiration. 

Intact frog muscles were prepared as described by Stannard. After 
establishment of the control rate of respiration (resting or caffeinized) the 
narcotic was added from the onset. Ethyl urethane did not inhibit the 
resting oxygen consumption except at high concentrations. Sucrose, at an 
equivalent molar concentration produces a very similar effect. Marked 
inhibition of the activity oxygen consumption b}'^ urethane was however 
observed to occur vdth concentrations Avhich had little (acceleration) or no 
effect on the resting ox 3 "gen consumption. 

Chloretone and luminal did not inhibit the respiration of vinter muscle 
but brought the respiration of the caffeinized muscle down to the range of 
the resting rates. 

Muscles from spring frogs were not used by Stannard. These muscles 
were found to have resting rates of 40-60 cu. mm./gm./hr. Cliloretone 
inhibited both the resting and acth'itj’- respirations of these muscles but 
the mass law analj’^sis shows that the two respirations are qualitativel.v 
distinct. 

The resting respiration of irinter muscle appears to be narcotic insen.si- 
tive. In spring muscle both resting and “acti^dty” respirations are 
narcotic sensitive. Narcotics appear to identif}’^ an “acthity” metabolism 
whether that is obviousl}^ supeiimposed upon a resting one, as in muscle, nr 
whether the two are incorporated into a fixed total, as in j-eavSt. 

Evidence for a neural quantum in sensory discrimination. S. S. Stevens. 

C. T. Morgan (bj-^ invitation) and J. Volkmann (by invitation"). De- 

par Imenl of Psychology, Harvard University, Cambridge, Mass. 

A quanta! theoiy of the neural processes mediating sensorj'^ discrimina- 
tion has been formulated and subjected to experimental test. 

The substance of the quantal theoiy is this; 1, a given sensoiy stimulus 
produces an all-or-none excitation of some number of neural units (quanta) 
and there is left a small surplus of stimulation subliminal to the excitation 
of one additional unit; 2, the number of units excited, as well as the amount 
of subliminal stimulation of the additional unit, fluctuates randomly during 
the presentation of a constant stimulus. 

Under experimental conditions in which human observers are required 
to react to an abrupt increment in the frequenej’^ (or the intensitjO of a pure 
tone, the quantal theoiy predicts 1 , a rectilinear relation between the size 
of the increment and the relative frcquenci' with which it will be detected, 
and 2, that the .slope of this rectilinear function will be such that the incre- 
ment perceived 100 per cent of the time is twice the largest increment which 
is never detected. 
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Experiments with increments of intensity and of frequency gave results 
conforming to these predictions. Data from these experiments provide a 
precise measm’e of the size of the neural quantum. This was found to varj' 
with individuals and to be related to the intensity of the stimulus. 

The non-peripheral locus of the neural quantum was demonstrated by 
measuring the frequencj-'-quantum binauralhr and monaurally. The 
predictions of the quantal theory were satisfied equallj’^ well in both cases, 
but in most observers the binaural quantum was about two-thirds the size 
of the monaural quantum. Apparently, therefore, the quantum can not 
be identified Avith a single afferent neuron, but is probably centrally located. 
That it is a, functional rather than an anatomic unit seems probable. 

A cyanide-substrain of yeast for studies of in vivo chemical organization. 
Theodore J. B. Stier and John G. B. Castor (by invitation). Bio- 
logical Laboratories, Harvard University, Cambridge, Mass. (Read by 
title.) 

A method of cu'cumventing many of the experimental difficulties and 
limitations encountered in using “specific” inhibitors for studies of in vivo 
chemical organization has been on trial in this laboratory for several years. 
It consists of treating a parent strain of yeast during cell proliferation with 
an enzjune poison until a pure substrain which will maintain its new altered 
characteristics in the absence of the modifjdng agent is obtained. Our 
first attempt with KCN as the modif3dng agent has given a pure substrain 
(isolated from a single cell) which e^ddbits metabolic properties generally 
characteristic of cyanide-poisoned j^east cells. Thus, it consumes 85 per 
cent less oxygen and produces about 25 per cent more carbon dioxide in 
dextrose-phosphate solutions than the parent strain; its respiration is 
ej'^anide and azide-insensitive; “indophenol oxidase” is absent; glucose 
dehydrogenase and catalase activities are the same in both strains. These 
properties have been exhibited with great constancy during the past five 
years. 

We can thus make available at anj-^ time unlimited quantities of cells 
possessing the same altered ph3-siological characteristics and, presumably, 
the same altered in vivo chemical organization. Especially important is 
the possibiUty of analyzing these cells direct^’’ by chemical methods or 
indirectly b3' physiological methods for then* component enz3’'me s3'^stems 
vdthout interference from the chemical agent originall3’- emplo3’’ed in modi- 
f3dng the cells. 

It is our plan, as time permits, to attempt the production of additional 
substrains of the parent strain of yeast b3’^ use of other enz3'^me poisons and 
various ph3'^sical agents wliich bring about modifications of cellular metab- 
olism. It is hoped that b3’' this program we will be able to delete (or 
modif3’’) various constitutive enzymes and thus ascertain the probable in 
vivo role of each deleted unit in the chemical organization of the “normal” 
parent cell. 

The relative effects of aluminum hydroxide and aluminum sulfate on the 
absorption of dietary phosphorus by the rat. Harold R. Street (b3’^ 
imdtation) and 0 . W. Barlow. Research Laboratories of the Winthrop 
Chemical Company, Inc., Rencselaer, N. Y. 

The prolonged clinical use of antacids ma3'^ give rise to more or less defi- 
nite adverse effects on digestion and the normal acid base balance. The 
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increasing clinical use of aluminum li 3 ^droxide, which in certain respects 
differs from usual fixed alkalies in its antacid effects, nevertheless raises 
the question as to the importance of possible deleterious effects of aluminum 
and of the basic salts in particular on the phosphorus balance. 

The growth rates of jmung rats on the low phosphorus diet of Schneider 
and Steenbock have been shovm to be proportional to the percentage of 
available phosphorus incorporated in the diet. Under such conditions a 
normal rate of growth was observed when the ration contained 0.24 per cent 
of phosphorus as NaH 2 P 04 . The addition to such a diet of increasing 
percentages of aluminiun sulfate up to the theoretical amount of aluminum 
necessary to combine with the available phosphorus limited growth to an 
increasing degi-ee as the ratio of aluminum to phosphorus approached unity. 
In other words, insofar as phosphorus utilization of the rat is concerned, 
the limiting effect of this soluble salt of aluminum can be largel}* explained, 
as expected, b}’’ a simple chemical equation. 

The incorporation of a powdered tablet mixture of a commercial alumi- 
num hj^droxide in the ration in such amounts as to correspond to those of 
the aluminum sulfate used in earlier experiments resulted in a growth rate 
quite materially in excess of that expected theoreticallj’’ on the basis of the 
ratio of phosphoms to aluminum present. Under such dietary conditions 
approximately 30 per cent of the hydroxide salt was converted to a soluble 
or reactive form. 

Influence of the thyroid on cyclopropane-adrenalin tachycardia. J. W. 

Stutzman (introduced by W. J. Meek). Department of Physiology, 

University of Wisconsin Medical School, Madison. 

Cj’^clopropane greatl}’’ enhances the acti^’ity of adrenalin on the auto- 
matic tissues of the dog's heart. In the unanesthetized animal 0.01 mgm. 
adrenalin per kilogram produces onlj’^ escape phenomena, wliile under the 
anesthetic it causes multifocal ventricular tach 3 ’^cardia in nearl 3 '^ every case. 
The present stud 3 ’' is concerned Avith the influence of the thyroid on these 
irregularities. 

Dogs were equilibrated for 30 minutes on a 30 to 32 per cent mixtm’e of 
C 3 'clopropane in ox 3 "gen. The test dose of 0.01 mgm. adrenalin per -kilo- 
gram was injected at a constant rate over a 50 second period and the 
duration of ventricular tach 3 ''cardia determined b 3 ’^ electrocardiographic 
records. 

Two and four weeks after th 3 'roidectom 3 " the above procedure was re- 
peated. To determine the effects of h 3 ’^perth 3 ’’roidism on c 3 '^clopropane- 
adrenalin tach 3 'cardia dogs were fed 200 and 400 mgm. desiccated tlyroid 
glands (Parke, Davis) per kilogram foi’ 12 da 3 's and then tested b}’^ adren- 
alin injection under anesthesia. 

Following th 3 'roidectom 3 ' the duration of c 3 '’clopropane-adrenalin tachy- 
cardia was decreased. In the liA’-perthAwoid state the period of tach.vcardia 
w.as longer than in the control. 

A dela3^ed hyper-lactacidemia following severe acute hemorrhage. ISIajok 

M. Swan (intioduccd ly O. 0. Stoland). Department of Physiology, 

University of Kansas, Lawrence. 

Other workers have shovm an elevated lactacidemia in normal unanes- 
thetized dogs in the first twent.v-four hour period immediatel 3 ' following a 



PKOCEEDINGS 


P467 


severe acute hemorrhage (Riegel, J. Biol. Chem. 74: 123, 1927; Fuss, Klin. 
Wchnschr. 13: 917, 1934). Our studies follow the later changes of lactic 
acid concentration in the blood. 

Three males and three females, all in the resting and unanesthetized 
state, were subjected to an acute blood loss comprising twenty-eight to 
tlui’ty-two per cent of the individual’s total blood volume. Five cubic 
centimeters of peripheral venous blood were drawn at twenty-four hour 
intervals for determination of lactic acid by the Friedemann-Cotonio- 
Shaffer method. All samples were drawn at the same time each daj^ 

Average lactic acid values in milligrams per cent on the series were; 
normal, 15.5; post-hemorrhage, first day, 15.9; second day, 19.8; third day, 
18.7; fourth daj^, 12.9; fifth daj", 17.4; seventh day, 11.5; ninth day, 16.4. 

These results indicate a well-defined, delayed hyper-lactacidemia which 
occurs after twenty-four hours follomng severe hemorrhage. This ele- 
vated level lasts for at least a day. 

The relation of morphine withdrawal symptoms in the rat to the thyroid 

gland. H. G. Sw.inn. Deparimeni of Physiology, University of Chi- 
cago, Chicago, III. 

Because of the similarity of certain of the symptoms in the crisis of thyro- 
toxicosis to those of morphine withdrawal, it was postulated that the 
thjToid w^as involved in morphine addiction and withdrawal. The theory 
has been found faulty in most aspects: 

1. The thjToidectomized rat can be addicted to morphine if great care 
is exercised. 

2. In the normal rat, the great weight loss (about 20 per cent of the iDody 
weight in 24 hours) following withdrawal of morphine after addiction is due 
partty to the constipation which addiction causes and partly to a negative 
water balance. The same phenomena have been observed in the thyroid- 
ectomized addicted rat. 

3. In the addicted normal rat, morphine causes a considerable specific 
dynamic action (B. M. R.’s of about plus 20) and withdrawal of morphine 
is followed bj’’ a violent depression in the B. M. R, to about minus 35. The 
same effects can be obser\'’ed in the addicted thyroidectomized rat, but 
they are placed around a low^er base line and are less violent. 

Binocular interaction and excitability cycles in cat and monkey. S.. A. 

Talbot and W. H. jNIaeshall. Wilmer Ophthalmological Institute, 

Johns Hopkins University and Hospital, Baltimore, Md. 

We have observed excitability cycles in the geniculate-striate system in 
cats and rhesus monkeys under chloralose and nembutal. The anaesthetic 
was deep enough to measure electric response amphtude wdthout serious 
interference from random effects of spontaneous central activity. 

We have previously shown for monocular stimulation that the geniculate 
response and all cortical components show supemormality for 20 msec, 
follow^ed bj"^ subnormal excitability. The supernormal phase is most 
marked at any anatomical level when the frequencj’’ is 1 to 5 cps., though 
at such frequencies both conditioning and test responses are smaller than, 
at slow^ frequencies cps.). 

Experiments on binocular interaction have been done by applying condi- 
tioning shocks to one optic nerve and test shocks to the other, observing' at 
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various levels the effect of contralateral on ipsilateral and vice-verea. 
The geniculate post-S 3 "naptic and the radiation responses show only the 
subnormal phase of interaction excitability for both cat and monkey. At 
the cortex the cat shows both supernormal and subnormal phases' for the 
post-radiation components, vdth time relations as described for the monocu- 
lar case above. As yet we have demonstrated only the subnormal phase 
in the cortical interaction of the monkey to electric stimulation. 

Binocular interaction following photic stimulation of one eye and electric 
shock of the other neiwe appears in the cat at the cortical level onty. Re- 
sponses to separate photic stimulation of the two eyes iuteract clearty in the 
monkej". At short test-flash intervals enhancement of certain cortical 
phases occurs, suggesting at times a supernormality imposed on subnormal 
excitability. The conditioning “on” response of one e 3 ’’e interacts with the 
“off” response of a long stimulation of the other, with c 3 ’^chc subnormality. 
This suggests a common nem-on for “on” and “off” response. 

Binocular interaction is thus clearly present in cat and monke 3 '^, in the 
primary projection s 3 ’-stem below association areas, despite differences of 
their anatomical organization. The ph 3 ’^siological interaction is compa- 
rable with the anatomy of reciprocal overlap of monocular and binocular 
paths in geniculate and cortex. The relation of such interacting recover 3 ’- 
cycles to binocular acuity is discussed in an accompan 3 dng abstract. 

The effect of indole-3 acetic acid upon the respiration of various parts of the 
oat seedling (Avena sativa). A. B. Taylor and T. W. Robinson (in- 
troduced b 3 '- F. R. Steggerda). Deparlmenis of Physiology and of Zool- 
ogy, University of Illinois, Urbana. 

The respiration of root tips (1st 5 mm. of root), root zones (next 10 mm. 
of root), and coleoptile tips (1st 5 mm. of coleoptile) of 4 day old oat seed- 
lings, in both distilled water and in distilled water to which various concen- 
trations of indole-3 acetic acid had been added was measured with the 
Barcroft-Warburg resphometer. 

The three parts of the seedhng used different amounts of oxygen, the 
rate of consumption being greatest in those regions whieh have normally a 
high rate of cell division. The root tips, for example, used about 10,000 
mm^ of oxygen per gram (dry weight) per hour while the root zones and 
coleoptile tips consumed about 7,000 mm^ per gram per hour. 

The application of mdole-3 acetic acid in liigh concentrations resulted 
in an inhibition of respiration the degree of which was dependent, at any 
given pH, upon the original concentration and upon the concentration of 
active undissociated indole-3 acetic acid present in equilibrium with its 
salt. Amounts of indole-3 acetic acid which caused inhibition in an acid 
medium had no effect in an alkaline one. The degree of inhibition seems 
to be correlated with the rate of respiration in the various regions studied. 
For a given concentration of indole-3 acetic acid, the greatest inhibition 
occurred in the root tips. 

A study of experimental hypothalamic obesity in the rat. Jay Teppeu- 
.MAN (b 3 '- invitation), J. R. Brobeck (by invitation) and C. N. H. Long. 
Department of Physiological Chemistry, Yale Lmiversity School of Medi- 
cine, Ncio Haven, Conn. 

S 3 ^mmetrical, bilateral lesious were placed in the hypothalami of a litter 
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of four female rats by means of the Horsley-CIarke stereotaxic instrument 
according to the method described by Hetherington (Anat. Rec. 78: 149, 
1940). The operated animals and their htter-mate control were then 
observed during a period of about 10 months. Daily records were kept 
of food intake and bodj’’ weight, and studies were made of the respiratoiy 
exchange, creatinine excretion, carbohydrate tolerance, insulin sensitivity, 
ketonuria, liver fat content and oestrus cycles. 

Shortl}’’ after operation the operated rats began to eat approximately 
tvdce as much food as their control, and to gain weight at the rate of about 
150 grams per month, as compared with 25 grams, gained by the control 
during the same period. Another similarlj’^ operated rat which exhibited 
a voracious appetite after operation but was immediatel 3 ' pair-fed with its 
control has gained weight onlj"^ slight^ more rapidl 3 ' than its normal 
littermate. 

The basal oxygen consumption of the fat rats (whether expressed per 
unit of bod 3 ’' weight, creatinine excretion, or surface area) was found to be 
lower than that of their control following a 25-day fast, and dming the 
subsequent 100-day period of pah-feeding. During this time the operated 
rats again gained weight at a significantly more rapid rate than did the 
control. The fasting R.Q.’s of the fat rats were similar to those of the 
control, but R.Q. determinations done in the absorptive state were foimd 
to be higher in the fat rats. The datl 3 '^ creatinine excretion of the fat rats 
was found to be approximatel 3 ’^ 30 per cent higher than that of the control. 

Two of the fat animals showed an apparent increase in sugar tolerance, 
one showed a consistently diminished tolerance, and one exhibited a pro- 
gressive diminution in tolerance associated with its increase in weight. 
Preliminar 3 ’- experiments suggest that the obese animals ma 3 ’' be less 
sensitive to the action of insulin than are the controls. 

The obese animals showed normal oestiiis cycles during fasting and 
paired feeding, but began to exhibit abnormal C 3 '^cles when their weight 
reached about 550 grams. 

The pancreatic secretagogue action of bile. J. Earl Thomas and J. 0. 

Crider. The Jefferson Medical College of Philadelphia. 

Bile in the intestine increases the flow of pancreatic juice in anesthetized 
cats under certain conditions (Mellanb 3 L J. Physiol. 61: 419) but fails 
to do so in unanesthetized dogs (Leuth and Ivy. J. A. M. A. 89: 1030; 
Dragstedt and Woodbur 3 ’'. Am. J. Ph 3 '^siol. 107: 584; unpublished obser- 
vations by the authors). We undertook to determine whether this is a 
species difference or is due to experimental conditions. 

The pancreatic duct was cannulated after ligating the pylorus and 
common bile duct in 13 cats and 12 dogs anesthetized with urethane alone, 
morphine and m’ethane (dogs only), chloralose (cats only), or ether. The 
effect on pancreatic secretion of injecting bile into the upper duodenum 
was recorded. Bile slightb”^ increased the flow of pancreatic juice in 25 of 
48 trials in dogs and in only 4 of 26 trials in cats under similar conditions. 
Therefore, the positive results in cats cannot be attributed to an exclusive 
species characteristic. 

The follmving changes in the experimental conditions increased the 
percentage of positive results: 

1. Section of the splanchnic nerves; 11 positive results were obtained in 
12 trials in cats. ... 
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2. Mixing the bile with 10 per cent urethane; 13 positive results were 
obtained in 14 trials in cats. 

3. Prolonged anesthesia; 17 positive results were obtained in 25 trials 
in dogs after 4 hours of anesthesia compared to 8 positive results in 23 
earher trials. 

4. Increasing the depth of ether anesthesia almost to the point of death 
in both cats and dogs. 

5. Circulatoiy and respu-atory failure (followed bj’- resuscitation) in 
both cats and dogs. 

We conclude that bile in the intestine increases the flow of pancreatic 
juice onl}’- under special conditions, all of which, so far as they are knovm, 
are abnormal. 

Effects of combined estrogens and androgens in the castrate rat. D. M. 

Thomson and R. R. Greene (introduced bj^ F. T. Jung). Department 

of Physiology and Pharmacology, Northwestern University Medical 

School, Chicago, III. 

Ninety-six male rats were divided into 8 groups. Seven groups were 
castrated at 17 da^’^s of age. Six of these groups were given daily treatment 
for 21 days, starting 45 days after castration. Group I received 0.05 mgm. 
of testosterone propionate dail}''; group II — 0.1 mgm. alpha estradiol 
daily; groups III-VI — 0.05 mgm. testosterone propionate plus 0.0001, 
0.001, 0.01 or 0.1 mgm. alpha estradiol daily; group VII — no treatment 
(castrate controls) ; group VIII — normal controls. All animals were kflled 
on the day following the last treatment. The ventral prostates and seminal 
vesicles were weighed and examined histologically. 

Prostates of animals receiving estradiol alone were not significantly 
larger than those of the castrate controls, but the seminal vesicles did show 
a significant weight increment. Prostates and seminal vesicles of the 
gi-oup treated vdth androgen alone Avere approximately the same size as 
those of the normal controls. Contrary to reports by other AA’orkers, the 
added estrogens had no synergistic or additive effect on the Aveights of these 
sexual accessories. The seminal A'^esicles of the groups receiAung both 
androgens and the various doses of estrogens AA^ere not significantlj’’ different 
from those recehdng androgens alone. The A'^entral prostates Avere smaller 
in all gi’oups recehdng added estrogens than in the group recehdng androgen 
alone. They AA^ere, hoAvever, significantl}'^ smaller only in the group receiA-^- 
ing the largest added dose of estrogen (0.1 mgm.). 

Histologicall}’’ the prostates and seminal A’^esicles of androgen treated 
animals resembled the normal. The added estrogens caused a depression 
of the androgenic effect on the prostatic epithelium. The degree of depres- 
sion AA'as roughly proportional to the estrogen dosage. Estrogen alone 
produced little histological effect on the prostate. In the seminal vesicles 
the estrogens produced no apparent modification of the androgen effect. 

The relation between Briicke frequency and light-dark ratio. James 

4'oman (introduced bA’- W. R, Amberson). Physiological Laboratory, 

Princeton University, Princeton, N. J., and Department of Physiology, 

School of Medicine, University of Maryland, Baltimore. 

The author (J. Neuroplysiol. 4: 51, 1941) has reported a maximum for 
amplitude of flicker potentials in the human EEG at flash frequencies 
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approximating that of the alpha rh34;hm. Bartlej^ (Psychol. Rev. 46: 
337, 1939) has reported that the flicker frequency giving maximal subjective 
brightness (Biiicke effect) approximates that of the alpha rhjd^hm and 
remains constant as light-dark ratio is varied. The present work was 
undertaken to examine the constancj’- of the Briicke frequency over a vdder 
range of light-dark ratios. 19 experiments were performed on 5 subjects. 
In each experiment hght-dark ratio was kept constant and several deter- 
minations of subjective brightness made for each of a number of flash 
frequencies up to critical fusion. Briicke frequencies (BF) were determined 
from the maxima of the plotted data and are tabulated below with the light 
phase (LP°) per cj'^cle used. 


LP° 

1 10 

15 

i 30 

45 

60 

90 

90 

90 

90 

90 

BF 
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! 

3. 
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0 • l-a 

5.8b 

8.5a 
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ISO 
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BF 

1 o.n 

6.1a 

5.9„ 

5.5 

6.5a 

6.5 

8.5a 

(0)a 

(0)a 



The (a) experiments were performed on a subject previously sho^vn to 
have an occasional alpha rhythm of 12 per second, the (b) experiment on a 
subject with a marked alpha rhythm of 10.2 per second. It would appear 
that the Briicke frequencj'’ does not necessarilj^ coincide with that of the 
alpha rhythm. Furthermore, in spite of the scatter in the data, the Brucke 
frequency would seem to be a function of the light phase per flash cycle, 
rather than a constant. Thus the present investigation has not lent sup- 
port to an interpretation of the Briicke effect in terms of a fixed cortical 
cycle of facilitation related to the alpha rhythm. 

Permanent genital impairments in the adult rat resulting from the admin- 
istration of estrogen during early life. C. Donnell, Turner (intro- 
duced b}’’ J. AVilliam Buchanan). Department of Zoology, Northwestern 
University, Evanston, III. (Read by title.) 

Previous workers have demonstrated that the genital impairments 
resulting from the administration of steroid hormones to rodents are con- 
tingent upon the amount of treatment and the age of the animal. Con- 
tinued high doses of estrogen produce folhcular atresia and retrogression 
of the corpora lutea; large doses administered for a shorter time temporarily 
maintain the corpora and produce a vaginal diestrus lasting for about two 
weeks. Varying amounts of estrogen do not luteinize the ovarj^ of the 
prepuberal rat. Testosterone injections are said to result in a continuous 
follicular phase in the ovaries of the adult. 

In the present experiments, from 100 to 200 lU of estrogen were admin- 
istered daily to newborn female rats during the first ten days of life and 
discontinued thereafter. Some of the animals were not autopsied until 
ten months of age. Vaginal smears indicated that the estrous cycles were 
abnormal. The adult ovaries contained follicles in various stages of atre- 
sia. Corpora lutea have not been observed in the intact ovaries, but they 
are capable of luteinizing when transplanted to normal hosts. Some of the 
ovaries from adult animals of this type are capable of inducing and main- 
taining secretion in the sex accessories of castrate male hosts. It is be- 
lieved that the androgenicity of these ovaries is correlated ivith the thecal 
hypertrophj'- which occurs in retrogressing vesicular follicles. Such animals 
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occasionally copulate during the prolonged estrous periods but do not 
imprecate ; ovulation apparently does not occur. 

Vaginal smears indicate that the treated animals remain in vaginal estrus 
for long periods and that the prolonged estrous periods are separated by 
extended intervals during which the vagina is mucified. Since corpora are 
absent, it is believed that the periods of mucification are attributable to 
diminished estrogen or to the release of an ovarian androgen which modifies 
the action of estrogen. The recurring periods of estrogen diminution seem 
to be correlated vdth high rates of follicular atresia. 

On the basis of limited experiments, it is suggested that the. estrogen 
produces these genital impairments b.y disturbing the gonad-stimulating 
mechanism of the h 3 ’'pophysis cerebri. 

The respiration of the various parts of the brain during growth. David 
B. Tyler and A. van Harreveld (introduced b 3 " D. R. Drury). 
California Institute of Technology, Pasadena. 

The ox^i-gen consumption of the cerebrum, stem, cerebellum and medulla 
was determined in 1, 3, 5, 12, 19 and 25 day old rats and also in adult rats 
and mice. At birth the oxj’-gen consumption of the various parts of the 
rat’s brain is at a ver^'^ low level and slowlj’^ increases during the next four 
to five weeks. During the first three weefa of life the cerebellum and the 
medulla take up the most oxj^gen per milligram of wet ^weight, the stem is 
next and the cortex is lowest. This order graduallj^ changes and in the 
adult the cerebrnm is liighest folloAved hy the stem, the cerebellum and 
the medulla being the lowest. 

In the adult mouse the oxj^gen uptake of the various parts of the brain 
is greater than in those of the adult rat (per milligram of wet weight). The 
order of the oxygen uptake of the various regions is also different. In the 
mouse the cerebellum is highest. 

The effect of corticotrophin on the resistance of hypophysectomized rats to 
low environmental temperatures. R, Tyslovutz (bj"- invitation) and 
E. B. Astwood. Departments of Pharmacology and Medicine, Harvard 
Medical School, and the Medical Clinic of the Peter Bent Brigham Hospi- 
tal, Boston, Mass. 

This preliminary’- report is based on the observation of 211 totally' h.y 
pophysectomized, 31 adrenalectomized and 35 unoperated male rats, 
subjected to environmental temperatures of 0°, 5° and 8°C.; colonic tem- 
perature readings on treated and untreated animals Avere taken at hourly^ 
intervals. Under these conditions hy’^pophysectomized animals injected 
for A’-arious periods Avith pituitary extracts rich in corticotrophin showed a 
striking resistance to low enA’^ironmental temperatures as compared with 
untreated animals whose body' temperature fell AAfithin a few hours to 
abnormally Ioav leA'els. In general, it was observed that as long as the 
animals shh’^ered, their temperature AA'as AA'ell maintained, but with a dis- 
appearance of this reaction the body' temperature fell and the animals 
showed signs of shock, coma, and death. 

At 0°C. the body' temperature of untreated 140 gram animals fell Avithin 
S hours to 14°C. (their adrenals AA'eight at autopsy' 20.4 mgm.), AV'hile ani- 
mals injected AA'ith a total of 100 mgm. of acetone dry' poAvder of Avholo 
sheep pituitary' during tAvo day's previous to the exposure to cold main- 
tained a temperature of 37.2°C. (adrenal AA'eight 24.8 mgm.). Similar 
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effects were obtained with three pituitary extracts in which the growth, the 
thyrotropic, and the gonadotropic factors had been partially removed. 
Four batches of pituitaries extracted by an acid acetone method yielded 
preparations rich in corticotrophin but free of the growth, thyrotropic and 
gonadotropic factors. In six series of e.xperiments animals treated with 
those extracts showed a marked resistance to low environmental tem- 
peratures. 

Cortin exhibited a protective effect in both hypophysectomized and 
adrenalectomized animals, while corticotrophin was without any effect 
in adrenalectomized animals indicating that the action of pituitary extracts 
under those conditions is mediated by the adrenal cortex. 

The reaction described above is thus an index of cortical function induced 
by hyiiophj^seal corticotrophin. 

The effect of pantothenic acid on achromotrichia in rats. ICdaus Unna 
(introduced bj’ Hans Molitor) . Merck Institute for Therapeutic Research, 
Rahway, N. J. 

Achromotrichia occurs within 3 to 7 weeks in young black or piebald rats 
maintained on a pantothenic acid free diet consisting of vitamin free casein, 
dextrose, crisco, salt mixture and cod liver oil supplemented with thiamine, 
riboflavin, nicotinamide, pyridoxine and choline. The process of depig- 
mentation develops in sj’^mmetrical patterns. Depilation with barium 
sulfide at the beginning of the experiment makes possible earlier recogni- 
tion of the greying. The daily feeding of 100 micrograms of calcium 
pantothenate or its equivalent in dried whole liver prevents the achromo- 
trichia. Suboptimal amounts of calcium pantothenate as well as alkali 
treated liver concentrates (of low pantothenic acid content) fail to prevent 
greying although the animals continued to grow. 

The daily feeding of calcium pantothenate to rats rendered grey on this 
diet, causes the grey patterns to disappear gradually within 3 to 6 weeks 
at w’hich time the black pigmentation is restored. Comparable effects 
were obtained -with dried whole beef liver, whereas alkali treated liver 
concentrate failed to restore the pigmentation. 

On similar diets but free from fat, calcium pantothenate was likewise 
effective in preventing or curing achromotrichia. 

In the absence of pantothenic acid, the prolonged administration of 
hormones (pituitary, thyroid, and adrenal cortex) had no effect on 
achromotrichia. 

The isolation of a protein from the pars neuralis of the ox pituitary with 
constant oxytocic, pressor and diuresis-inhibiting activity. H. B. van 
Dyke, Bacon F. Choav (by invitation), R. 0. Creep and A. Rothen 
(by invitation). Division of Pharmacology, The Squibb Institute for 
Medical Research, New Brunswick, and Division of Physical Chemistry, 
The Rockefeller Institute for Medical Research, New York City. 

By extraction of fresh posterior lobes of ox pituitaries by a method which 
will be presented in detail, a protein has been isolated -which has constant 
activity in terms of the following tests: isolated guinea pig uterus and fowl 
blood-pressure for oxytocic activity; blood-pressure of dog for pressor 
activity ; inhibition of water diuresis in rats for diuresis-inlhbiting acti-vity. 
About 11 micrograms of nitrogen of this protein is equivalent to 1 unit of 
U.S.P. reference standard. In solutions of the protein (fractions low or 
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high, in protein N as a result of electrophoretic migration), activity does 
not deidate from the relationship, 11 micrograms N ^ 1 U.S.P. unit. 
Similarly, the activity is associated with the protein when a solution under- 
goes ultracentrifugation. 

In melanosome-dispersing (intermedin) activity, 11 micrograms N ^ 
0.002 unit of U.S.P. reference standard. 

In a solvent composed of 0.5 M acetate buffer, pH 3.94, containmg 6.5 
per cent NaCl, a saturated solution of the protein at 25.3° contains 0.10 
mgm. dissolved N per cc. whether the solution is just satmated or whether 
2 mgm. protein N per cc. are suspended in the solvent. In the Tiselius 
electrophoresis apparatus, solutions containing 1 per cent protein at con- 
stant ionic strength of 0.05 were found to contain one component vdth 
traces of impurity. If the latter, mixed vdth traces of the diffused main 
component, is assaj^ed biologicalty, its activity has never been found to 
exceed that of the main component. The mobility of the protein at various 
pH’s at 1.5° was: pH 3.4, -6.0 X 10-^; pH 4.1, -4.2 X pH 5.5, 
4-2.9 X 10““, and pH 6.1, -f 3.8 X 10“®. The calculated isoelectric point 
is pH 4.8. 

The protein behaved like a homogeneous substance in the ultracentrifuge. 
The following value was found for the constant of sedimentation at 6.3°, 
S®-® = 1.87 X 10“^^. Diffusion experiments were carried out at 0.3°. The 
diffusion constant was 4.4 X 10"'. The molecular weight calculated from 
the diffusion constant and the sedimentation constant corrected for the 
difference in temperature was j\I = 31,000. The f/fo value was about 1.18. 

The survival of central synaptic conduction during asphyxia and anoxia. 

A. 'S'an H.yrreveld (introduced by Gordon A. Alles). Kerckhoff 

Biological Laboratories, California Institute of Technology, Pasadena. 

The period of survival of reflex action currents of the spinal cord during 
asphjTda is short, usually not more than 4 minutes. If, however, the 
spinal cord is asphj^ated for 35 minutes and then 14 days later again 
subjected to asphj’xiation, the sundval time of the reflex action currents 
is considerably increased. In many of the previously asphyxiated animals 
the reflex action currents sm'vived circulator 3 ’’ arrest for 13-14 minutes. 
This increased smvival time is not present the first few daj's after the 
initial asphyxTation, but develops in about 10 days. Histological examina- 
tion of the spinal cord showed a considerable decrease of nerve cells. The 
total number of cells, however, was usually larger than normal due to the 
presence of many phagocj'tes. Tliis makes rather unlilvclj'’ the explanation 
of the increased survival time as due to a longer survival of the few remain- 
ing cells on the little oxygen reserve in the vessels and in the tissues. Fui'- 
thermore, if the oxj’-gen lack is produced by artificial respiration with 
nitrogen (a procedure wliich removes oxj’^gen from blood and tissues), the 
survival times are even longer than those found when the final asplyxiation 
is produced bj"^ circulatory arrest. It seems therefore that the process of 
S 3 maptic conduction in the central nervous S 3 "stem, like in the peripheral 
ganglia, is not \'er 3 ' sensitive to oxygen lack. 

The effect of senescence on the emptying time of the human stomach. 

Edward J. Vax Liere and Davud Northup. Department of Physiol- 
West Virginia University, Morgantown. 

The gastric emptying time of 12 men, whose average age was 70.7 3 'cars, 



PROCEEDINGS 


P475 


Avas studied. The youngest subject was 58 years and the oldest 84. Ten 
of the. twelve were indigents residing in the county infirmary; one Avas a 
college professor; one a janitor. 

A number of the subjects Avere reasonably robust, but scA’^eral AA^ere feeble 
physicalty. Thej’- AA-ere all able, hoAA'^eA’-cr, to do light AA^ork and could ascend 
a ffight or tAvo of stairs AAuthout any apparent diflSculty. As far as could 
be determined none of them suffered from organic disease of the gastro- 
enteric tract. 

They AA'ere giA’^en a test meal AAdiich consisted of 15 grams of Quaker 
Farina, cooked to a Amlume of 200 cc.; 50 grams of barium sulphate AA^ere 
added so the position of the meal could be ascertained fluoroscopicall 3 ^ 
The meal AA'as eaten at 7:30 in the morning; no other food had been taken 
since the preAuous eA'ening. The subjects Avere allow^ed to lounge around 
the laboratory and Avere instructed to relax mentall}’- and physical^ as 
much as they could until the stomach AA-as emptied. With the exception 
of one or two subjects, three determinations, at exaetty AA'eekty intervals, 
AA'ere made on each indmdual. The aA'erage figure Avas used for the norm. 
The tune it took the meal to leaA'e the stomach Avas determined to the 
nearest ten minutes. 

It had been established preAuously in 49 male medical students, AA'hose 
average age Avas about 24 years, that the same type meal under the same 
enAoronmental conditions took an aA'crage of 2.11 houi-s to leaA'e the 
stomach. 

The average length of time for the meal to leaA'e the stomach in the 12 
old men AA'as 1.94 hours. The extremes ranged from 1.33 hours to 2.75 
hours. This range compared favorabl 3 ’’ AAnth the observations made on the 
younger subjects. 

It Avas concluded that the motility of the stomach of old men did not 
differ from that of 3’’oung Augorous male adults. 

Duodenal ulcer formation in the dog by intramuscular injections of a his- 
tamine beeswax mixture.^ R. L. Varco (b3' inAutation), C. F. Code, 

S. H. Walpole (b3’’ inAutation) and O. H. Wangensteen. DeparimenU 

of Surgery mid Physiology, University of Minnesota, Minneapolis. 

In an earlier stud 3 ' it Avas demonstrated that AA'hen histamine is placed 
in a beeswax mineral oil mixture its action is so prolonged, that in dogs, a 
single injection produces a continuous, copious secretion of highly acid 
gastric juice AA'hich is maintained for man 3 ' hours (Proc. Soc. Exper. Biol, 
and Med. 44: 475, 1940). In cats the histamine beesAvax mixtoe likewise 
produces a sustained abundant Aoav of acid gastric juice and if administered 
daity results in ulceration of the stomach and duodenum (Proc. Soc. Exper. 
Biol, and Med. 44: 619, 1940). The present stud 3 ' Avas undertaken to 
determine AA'hether excessive gastric secretion in the dog could produce 
ulcers in the stomach or duodenum. 

The histamine beeSAvax mixture AA'as prepared b 3 ' mixing finety ground 
histamine AAuth one part hot beeswax and then diluting AA'ith four to five 
parts hot mineral oil. Wlien homogeneous and AA'hile still molten, the 
mixture Avas draAvn into a 1 cc. tuberculin S3’'ringe and alloAA'ed to solidity 
at room temperature. 

^ Part of the expense of this research was borne bj' grants from the Committee 
on Scientific Research of the American Medical Association. 
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Thi'ee normal dogs received daily intramuscular injections of this mix- 
ture in quantities which represented 30 or 40 mgm. histamine base. Fol- 
lowing periods of foui’ days to four weeks the animals were examined and 
in eveiy instance single or multiple, perforating ulcers of one-half to one 
inch in diameter were found in the first portion of the duodenum. 

In order to be certain that the ulcers in the duodenum were caused by 
the secretion of excessive amounts of acid gastric juice, two control experi- 
ments were done. In one of these, a normal dog was given daily intra- 
muscular injections of beeswax mineral oil mixture vdthout histamine for 
thirty days. At the end of this period the stomach and duodenum were 
normal. In the other control experiment, the beeswax mixtiu’e, containing 
histamine in 30 mgm. doses, was given intramuscularly each day to a 
completely gastrectomized dog. After thirtj’’ da 3 ’-s of this treatment the 
duodenum presented a normal appearance. The duodenal ulcers produced 
in the normal dogs were thus due to the continuous excessive secretion of 
acid gastric juice evoked bj’’ the histamine in the beeswax mixture. 

Increase in the protein content of the liver following a sterile subcutaneous 
abscess. Harry M. Vars (by invitation), Samuel Goldschmidt, 
Julius Schultz (bj' invitation) and I. S. Ravdin. Hjarrison Depart- 
ment of Surgical Research and the Department of Physiology, School of 
Medicine University of Pennsylvania, Philadelphia. 

Groups of rats were injected subcutaneouslj'' vdth sodium ricinoleate 
and fasted for 48 hours. The composition of the livers of these animals 
was compared vdth that of rats fasted and rats fed during the same period. 

The liver weight of animals treated with sodium ricinoleate was greater, 
in many cases the total nitrogen and the total protein per liver was higher, 
and the total puriue content was often as much as 20 to 30 per cent higher 
than in the fasted controls. 

These differences were still greater and more consistently so after the 
injected animals had been anesthetized vdth chloroform. In many groups 
the total purine-nitrogen per liver of the chloroform-treated animals was 
close to the level found in animals fed, or starved and refed during a sinular 
time period. Fifty-eight groups, with a total of 330 rats were used in these 
studies. 

These data are a direct demonstration, by chemical analysis, of the fact 
that the liver is capable of utilizing, for the maintenance or growth of its 
own tissue, the products of tissue destruction liberated by means of a 
sterile abscess. 

The effect of lipocaic and cholesterol administration in rabbits. Cor- 
nelius W. Vermeulen (bj’- invitation), J. Garrott Allen (by invita- 
tion), Dwight E. Cl.\rk (bj^ invitation), Ormand C. Julian (by 
invitation) and Lester R. Dragstedt. Department of Surgery, The 
University of Chicago, Chicago, III. 

Fortj' male and female albino rabbits were distributed between two 
groups, one group receiving dailj'- doses of cholesterol, the second group 
receiving cholesterol and a purified extract of lipocaic in the largest dos^ 
tolerated bj' the animals. The animals of the two groups were sacrificed 
and compared over an 18-month period. The deposition of cholesterol 
in the aorta of the animals was not in any way affected bj’’ the addition of 
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lipocaic to the diet. Other observations as to the deposition of cholesterol 
in other tissues were made. These results confirm the observations re- 
ported previousl^Y using cruder lipocaic preparation. 

A physiological analysis of twenty-six patients with patent ductus arte- 
riosus. Antonio Viol.vnte (b 5 ’- invitation), M. J. Shapiro (by invita- 
tion) and Ancel Keys. Laboratory of Physiological Hygiene, University 
of Minnesota, and the Lymanhurst Cardiac Clinic, City of Minneapolis. 
Twenty-six patients with patent ductus arteriosus, most of whom had 
been under careful observation from 2 to 18 years, were repeatedlj'^ studied 
by ph.ysiological methods under controlled basal conditions. Ages ranged 
from 5 to 35, average 15.8 years; 77 per cent were females. Heart failure 
was not present in any of these patients, all of whom were leading rela- 
tively normal lives at the time of study. Average blood pressures were 
117 /59 in the arms and 140/65 in the legs. Basal pulse rate averaged 90.5. 
Enlargement of the pulmonary artery was slight in 30.8 per cent, moderate 
in 23.8 per cent and marked in 35.4 per cent. Thrill was present in 84.6 
per cent. The murmur was continuous in 80.8 per cent and s 3 '^stolic in 
19.2 per cent; sound tracings showed that the murmur is always accentu- 
ated at the second sound. The murmur was maximal in the second left 
interspace in 92.3 per cent and in the third interspace in 7.7 per cent. 
B.M.R. averaged -f 4.39 per cent. Pulmonary congestion was observed 
in 83.8 per cent, occurring 3 times as frequentlj^ on the right side as on the 
left. Cardiac index (acetylene) averaged 2.27 liters per minute per square 
meter. Simultaneous roentgenkjunographj’- (gross stroke) and acetylene 
procedures indicated that the gross ventricular output averaged 25.5 per 
cent gi'eater than the net circulation. The magnitude of the “leak,” 
estimated in this waj'-, was roughly proportional to the pulse pressure and 
the results were entirety similar to those obtained in patients with aortic 
regurgitation. Surgical closure was attempted in 3 patients with one 
failure, one complete success and one partial failiu'e. The estimated 
“leaks” before operation in these patients were 59 per cent, 27 per cent, and 
65 per cent of the gross output; the pulse pressures (arm) in these patients 
were 99, 59 and 84 mm. Hg, respectivety. 

Recovery of excitability in nerve. Ernst T. von Buucke (by invitation), 
Marie Early (by invitation) and Alexander Forbes. Department 
of Physiology, Harvard Medical School, Boston, Mass. 

In frog sciatic neiwe recoveiy of excitability after a single conditioning 
impulse was compared with recovery during the so-called “second” re- 
fractory state (after two conditioning impulses). Recovery was always 
found to be slowed down in the latter case; as the interval between the two 
conditioning impulses was increased, recovery in the “second” refractory 
period was found to become faster. This delay of recovery during the 
“second” refractory period maj’’ be the first detectable sign of “fatigue.” 

The fact that the separate refractoiy states after two impulses sum, just 
as subnormality does, and the fact that responsiveness increases no further 
during the second part of the refractory period are considered to favor the 
assumption that subnormality is a late continuation of the relative refrac- 
tory state. 

In studying the supernormal phase in recoveiy of excitability it was 
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found that sensory root fibers in the bullfrog do not show supernormalit}’^, 
whereas the peripheral sensory fibers do. Whether this represents a specific 
difference between the central and the peripheral processes of the spinal 
ganghon cell or whether an external factor is involved, has not 3 '^et been 
determined. 

After tetanization the appearance of supernormality and of subnormality 
in frog sciatic neiwe was delaj’-ed, the degree of delaj’- depending upon the 
degree of previous activity. 

The toxic factor in pernicious anemia. G. E. Wakerlin. Department 
of Physiology, College of Medicine, University of Illinois, Chicago. 
(Read by title.) 

In a preliminaiy note (Science 82: 494, 1935), we reported that urine 
from eight untreated patients with pernicious anemia contained a thermo- 
labile, comparatively toxic reticulocjde decreasing factor for the pigeon, 
whereas the substance waS' not demonstrated in the urine of six normal 
humans and two treated pernicious anemia patients. Since tliis report 
reexamination of the urines of three of the eight pernicious anemia patients 
after adequate therapy vdth liver extract showed an absence or marked 
diminution of the reticulocytopenic factor. On the other hand, the 
reticulocj'^topenic principle was found to be absent from the urines of thrty 
of five additional previously untreated pernicious anemia patients in 
severe relapse. Moreover, although the factor was found to be absent 
from the urines of one patient each with hemolj'tic icterus, polyc 3 dhemia 
vera, meningococcic meningitis, and fever of unexplained origin, the urines 
of three patients vdth diffuse carcinomatosis, subacute bacterial endocar- 
ditis, and aplastic anemia, respectivety, had a reticulocytopenic effect on 
the pigeon similar to a majority of the untreated pernicious anemia urines 
examined. Liver extract did not influence the reticulocytopenic action 
of the principle for the pigeon. Daity intramuscular injections of the 
reticuloc 3 dopenic substance into rabbits for three weeks produced no 
significant change in the blood picture. We conclude that the toxic, 
reticuloc 3 dopenic factor is inconstant^ present in the urine of untreated 
pernicious anemia patients, that it is not specific for pernicious anemia 
but is present in other diseases, and that the factor is incidental and re- 
sultant and not pathogenetic in its relation to pernicious anemia. 

Reductions in blood pressures of renal hypertensive dogs by hog renin.* 
G. E. Wakerlix, C. a. Johnson (by invitation) and B. Gomberg (b 3 ’’ 
invitation). D^artmenls of Physiology and Physiological Chemistry, 
College of Medicine, University of Illinois, Chicago. 

Four renal ischemic h 3 ''pertensive dogs treated for 4 months with daily 
intramuscular injections of hog renin, representing 1 gram of kidney equiva- 
lent per kilogram of body weight, showed striking reductions in blood 
pressures. In the months following therap 3 ’- the pressures slowly increased 
until the pretreatment hypeidensivc range was reached. A substance 
(antirenin) which neutralized the acute pressor response to renin became 
demonstrable in the serums of these dogs. At no time during treatment 
or subsequentb’ was there an 3 ’^ evidence of untoward effects. The appe- 

* This work wa.s aided by a grant from the Graduate School Research Fund of the 
University of Illinois. 
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tites of the four dogs remained excellent, their weights constant and their 
blood urea nitrogens and urinal 3 ’^ses normal throughout the periods of 
observation. The mechanism of these reductions in blood pressure prob- 
ably involves an immime (antiliormone?) response to the heterologous 
hog renin since hypertensive control dogs similarity treated with heat 
inactivated hog renin and (homologous) dog renin showed no significant 
changes in blood pressure and failed to develop antirenin. Further control 
experiments now in progress wiU also be reported on. These include the 
effect of purified hog renin on renal hypertensive dogs and the effect of 
bilateral renal arteiy constriction on the blood pressure of normotensive 
dogs during treatment with hog renin. If the promise of these preliminaiy 
findings is sulistantiated bj^ further work the effect of treatment with 
heterologous renin will be studied in essential hypertension in man. 

A comparison of the vasoconstricting effects of renal and systemic plasmas 
from normotensive and hypertensive dogsd G. E. Wakerlin and M. R. 
Sauk (bj'’ invitation). Department of Physiology, College of Medicine, 
University of Illinois, Chicago. (Read bj'^ title.) 

A previous report bj’’ one of us (Proc. Soc. Exper. Biol, and Med. 41: 
61, 1939) showed that there was no significant difference between the vaso- 
constricting effects on surviving beef arterial rings of systemic plasmas 
from normotensive and h 3 ’'pertensive dogs. At that time we indicated 
that the h 3 ^pothetical pressor substance of experimental renal lypertension 
might be present in demonstrable quantities in the venous return from the 
ischemic kidne 3 ’' but not in the s 3 ^stemic blood. Hence, we compared the 
effect of heparinized renal vein and femoral arter 3 ^ plasmas from four 
normotensive dogs on the tonus of beef arterial rings b 3 " the method of Dale 
and Laidlaw. The renal vein plasmas were obtained by means of London 
caimulae. After 10 to 14 such comparisons at weelcl 3 '^ intervals Avere made 
for each dog the animals Avere subjected to bilateral constriction of the 
renal arteries b 3 ’’ the Goldblatt technique. During the period of hyper- 
tension which resulted the AA^eekl 3 '^ comparisons AA^ere continued on the four 
animals for 3, 8, 17 and 29 Aveeks respectivel 3 ^ There Avere no significant 
differences betAV'een the tone augmenting effects of the renal and systemic 
plasmas during the normotenswe peiiod and no eAudence Avas obtained for 
any increase in the A'asoconstricting effects of the renal A’^ein or systemic 
plasmas during the subsequent period of hypertension. OiAmg to the 
limi tations of the method emplo 3 '^ed, these negative results obAdousl 3 ’' do 
not rule out the presence of an as yet inconclush’^ely demonstrated pressor 
substance in the renal or S 3 '^stemic blood of Goldblatt dogs. 

Vitamins A in invertebrate eyes. George Wald." The Biological 
Laboratories of Harvard University, Boston, Mass., and the Woods Hole 
Oceanographic Institution, Woods Hole, ilfass. (Contribution No. 284.) 
The retina of the squid, Loligo pealii, contains 1-2 pgm. of vitamin Ai, 
and about 3 times this quantity (measured as relative extinction in the 
antimony chloride reaction) of retinenei (cf. Wald. J. Gen. Physiol. 22 : 

i This work was aided a grant fronr the Graduate School Research Fund of the 
University of Rlinois. 

* This research was supported in part by a grant from the Josiah Macy, Jr. Foun- 
dation. 
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391, 1939). No trace of these or other carotenoids was found in other 
squid tissues. 

The quantity of \’itamin A remains constant in all conditions of light and 
darkness. Vitamin A does not appear therefore to participate directly 
in the visual processes. 

About 15 units (relative) of retinene can be extracted vdth benzine in 
darkness. A fm-ther 7 units is released on exposure of the live squid or of 
the isolated retina to light. About 120 units of retinene is stored in a 
photostable retinal complex from which it can be extracted onl 3 r with polar 
organic solvents like chloroform. 

The squid apparentlj' possesses therefore the simple visual cycle, visual 

purple retinene + (protein?). The term visual purple is used here 

in its generic sense. Though measurements of spectral sensitivity (H^s, 
Hartline) show that the squid possesses a photopigment comparable vdth 
rhodopsin, attempts to extract it have so far failed. The deep purple color 
of the squid retina, sometimes ascribed to visual purple, is due to a photo- 
stable, alkali-soluble, probably melanoid pigment. Other than screening 
the retinal cells, this probabty plaj^s no role in vision. 

In the vertebrate rods retinene occupies a position symmetrical with that 
of vitamin A. In the squid, retinene entirel.y preempts the vitamin A 
function. It is therefore itself a \dtamin A — vitamin As. 

The ej’-es of gi'een and fiddler crabs {Carcimis maenas and Ucapiignax) 
also contain Ifigli concentrations of vitamin Aj. No trace of retinene has 
been found in these tissues. 

There is therefore no discontinuity between vertebrates and invertebrates 
in the occurrence and utilization of vitamins A in the eye. Failure hereto- 
fore to identifj’ \dtamins A in invertebrates maj’' be ascribed to their low 
capacity for storing these substances. 

The collection and analysis of fluid from single nephrons of the marmndian 
kidney. Arthur M. Walker and Phyllis A. Bott (by invitation), 
Je.\r Oliver and jMuriel C. MacDowell (by invitation). Laboratory 
of Pharmacology, University of Pennsylvania Medical School, Philadel- 
phia, and Department of Pathology, Long Island College of Medicine, 
Brooklyn, N. Y. 

In anesthetized rats, guinea pigs and opossums a technique has been 
developed for rendering the kidnej’^ accessible to direct puncture of its 
nephrons in a manner similar to that wliich was found serviceable in studies 
of the amphibian kidnejL The kidnej'^ surface was protected from exposure 
bj" a layer of warm oil and illuminated Iw light transmitted through a Incite 
rod. Puncture of tubules and, in a few cases, glomeruli was accomplished 
by quartz pipettes and fluid was collected in amounts sufficient for ultra- 
microanah'sis (0.1 to 1.0 c.mm.). After marking the punctured nephron 
by the injection of ink for subsequent identification, the kidney vrs fixed 
in formalin, macerated and the nephron isolated bj’’ microdissection in its 
entirety. By means of stereoscopic photographs and camera lucida draw- 
ings, accurate measurements of the various segments were then made which 
exactly identified the site of puncture with reference to the glomerulus. 

Sixty-six successful experiments have been made. The results show 
that glomenilar fluid is free from detectible amounts of protein, has the 
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same osmotic pressure as blood plasma and contains glucose (substances 
which reduce dinitrosa]ic 3 dic acid) and exogenous creatinine in tlie same 
concentration as in plasma water. Glucose is reabsorbed bj' the proximal 
tubule, as in amphibia. The increasing concentrations of creatinine and 
glucose (after phlorhizin injection) in tubule fluid indicate that the proximal 
se^ent reabsorbs about SO per cent of the fluid in glomerular filtrate; this 
fluid rcabsorption is accomplished without any increase in osmotic pressure 
of the tubule contents. The tubule fluid/piasma concentration ratio of 
chloride reaches 1.5 carl}' in the proximal tubule; this finding, in view of the 
vapor pressure observations and preliminaiy sodium analyses, implies the 
preferential reabsorption of another anion ( — HCO 3 ?) b}' the proximal 
segment. 

Our data on the composition of fluid in the distal tubules are too incom- 
plete to warrant conclusions being drawn; they suggest that a change in pH 
but no increase in osmotic pressure occurs before the fluid reaches this seg- 
ment. 

The effects of local lesions of the organ of Corti on cochlear potentials. 
Edward M. Wadzl and John E. Borduov (introduced bj' Clinton N. 
"WoolsejO* Otologicol Research Laboratory, The Johns Hopkins Uni- 
versity, School of Medicine, Baltimore, Md, 

Minute lesions in the organ of Corti of cats have been made in a consid- 
erable number of positions along the cochlear spiral b}' small detachments 
of the spiral ligament. The c.xact position and character of each lesion 
has been ascertained by histologic sections and graphic reconstructions of 
the operated cochleae. The impairments in the thresholds of cochlear 
response were restricted to part of an octave and varied from 15 to 40 
decibels depending on the size and position of the lesion. The tones 
affected showed close correlation with the ])osition of the lesion, the fre- 
quenej’ affected being invcrsch’’ related to the distance from the basal end. 
Lesions 2 mm. from the basal end caused maximal loss for 8192 c.ycles, and 
lesions at the 14.5 mm. level gave a maximum loss for 25G cj'clcs. The 
average distance along the organ of Corti for octave intervals in this range 
is about 2.5 mm. The tonal range explored was from 32 to 10321 cj-clcs. 
Definite localization could not be demonstrated for tones below 250 c.vcles, 
and, in general, considerabl.v less impairment was obtained for low than 
for liigh tones by lesions of identical size. 

The magnitude of the impairment is related to the length of the kision 
since extension of a lesion not onh' impaired the response specific for the 
area of the second lesion but also caused additional loss for the tones 
alrcad}' affected. 

These e.xperiments demonstrate that particular regions of the organ of 
Corti respond optimally to specific parts of the sound spectrum, and con- 
stitute further proof that cochlear potentials arc an expression of the 
activity of the peripheral end organ of hearing. 

The mechanism of enterogastric regurgitation. Joux Wakkextix (intro- 
duced l\v A. C. Hy). Department of Physiology and Pharmacology, 
N orthxrcstcrn University Medical School, Chicago, III. 

This investigation was undertaken to determine in more detail the 
mechanism concerned in enterogastric regurgitation. A total of 60 un- 
ancsthetized dogs was studied by dilute acid (0.4 per cent HCl) irrigations 
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In the second group of experiments, rabbits were placed in a tank in 
which the air was kept under a pressure of 410 mm., corresponding to an 
altitude of about 20,000 ft., thereby inducing in the course of several days, a 
h 5 ''perplasia of the erythroid elements in the bone marrow and a reticulocy- 
tosis and polycythemia in the circulating blood. The animals were Idlled 
at various intervals and the rates of respiration and g^’^cob'-sis of the bone 
marrow were measured in the Warburg apparatus. The marrows were 
found to be characterized metabolically by a high i;ate of respiration in 
relation to the rate of glycolysis, — a type of metabolism which has been 
shown in earlier studies to be characteristic of red marrows in which the 
erythroid hj'-perplasia was induced by other means. These experiments 
indicate that the predominatelj'^ oxidative type of metabolism of the 
immature red cells in the bone marrow is not altered when the animals are 
exposed to low oxygen tensions. 

The influence of liver damage on the complement titer of the blood. 
Philip Wasserman (bj'' invitation) and I. Arthur Mirsky. The 
May Institute for Medical Research, The Jewish Hospital, Cincinnati, 0. 
The studies of Ecker indicate that complement is associated with the 
globulin fraction of blood. In view of the probability that the liver is 
responsible for the production of globulin, it became of interest to find the 
influence of liver damage on the concentration of complement in the blood. 

Liver damage was produced in dogs by means of chloroform anesthesia, 
and the complement titer was determined before and at various intervals 
after the production of this damage. The complement titer was measured 
by determining the volume of serum necessary to produce initial hemob^sis 
of sensitized sheep cells. The value for normal dogs was found to be 
0.004 cc. serum. Within 24 hours after the induction of chloroform anes- 
thesia, a significant decrease in the blood complement titer occurred. 
For the following 3 to 5 days the titer continued to drop so that up to 
0.012 cc. of serum was necessary to produce initial hemolysis at the end 
of that time. In the succeeding 4 to 6 days, when liver regeneration is 
known to occur, there was a concomitant rise in the complement titer of 
the blood. In from 10 to 12 daj’^s after the induction of anesthesia com- 
plete restoration of the complement titer took place. 

These findings suggest that the liver plays an important r61e in the pro- 
duction of complement. 

Effects of various salts against metrazol reactions. H. Waste. De- 
partment of Anatomy, Hahnemann Medical College, Philadelphia, Pa. 
Intraperitoneal injection of 75 mgm./kgm. (5 per cent aqueous solution) 
in guinea pigs leads to ver 3 " violent, alternate tonic and clonic convulsions, 
interspersed by periods of exhaustion in 100 per cent of the cases and death 
in 85 per cent. When this dose of metrazol is given in conjunction with 
sodium, potassium or calcium salts (all given in doses of 150 mgm./kgm., 
in 10 per cent solutions) injecting them intraperitoneallj’’ either prior to 
or in a mixture with metrazol, partial protection characterized b}’- two. 
features is observed: decrease in the incidence of convulsions and lowering 
of the mortality rates in cases in which convulsions developed. Six 
groups of salts used in this studj"^ fall into three groups (The mortality 
i-ate refers here to the convulsive cases). Ca-benzoate and Ca-salicylate 
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lower the incidence of convulsions bj’^ roughlj^ 40 per cent and have almost 
no influence on the mortality rate. GaCb and Ca-le^uilinate diminish 
the incidence of con^uilsions bj’’ about 30 per cent and the mortality rate by 
about 12 per cent. Ca-gluconate and Ca-lactate decrease the incidence 
of convulsions b}' 20 per cent and the mortality rate bj’- 35 per cent. In 
order to analj-ze further the anion and cation effects on the main site of 
action of the drug (i.e., central nervous S 3 ’'stem) the Na, K, and Ca forrns 
of these salts ivere compared. The following examples illustrate the in- 
variable trend, obseiwed in over 1500 experiments. Injected separately 
immediatelj’^ before metrazol: with Na-le^uilinate 37.5 per cent not very 
violent comuilsions, mortality 25 per cent (wiiole group), 66.6 per cent 
(convulsive cases); with K-levulinate 43.8 per cent not veiy violent con- 
vulsions, mortalitj’’ 33.3 per cent (w^hole group), 76.2 per cent (convulsive 
cases); with Ca-levulinate 70.8 per cent commlsions, fairly violent, mor- 
tality 56.2 per cent (wiiolc group), 79.4 jier cent (convulsive cases); with 
Na-gluconatc 48.4 per cent not veiy violent compulsions, mortality 28.5 
per cent (whole group), 61.3 per cent (conv^ulstye cases); with K-gluconate 
52.1 per cent mediimi strong conv^ulsions, mortality 29.2 per cent (whole 
group), 56.0 per cent (compulsive case.s); with Ca-gluconate 75.0 per cent 
faivljp vpiolcnt compulsions, mortality 33.3 per cent (whole group), 44.4 
per cent (convulsiv’c cases). Similar results — nameljp that with separate 
injections the protectivpe effects of the sodium form of the salts are best, 
of the calcium form least, the pota.ssium foim occupjing an intermediate 
position — were observpcd in cxtensivpc studies with local anesthetics, used 
in convpulsant doses. 

The properties of protein fibers produced reversibly from soluble protein 
molecules. David F. Waugh (introduced bv' Francis 0. Schmitt). 
Wnshinglon UniversHy, St. Louis, Mo. 

\ 2 i>or cent solution of insulin hjpdrochloridc (Lill.y) in distilled water 
hoatod at lOO^C. for 30 minutes forms a thixotropic gel which, after an 
ijiilial disturbance, shows strong static birefringence (I. Langmuir and 
D. F. Waugh. ,1. Am. Chein. Soc. 62, 1940). Dilution of the 2 per cent 
gel to 0.7 jjer cent causes flow birefringence to replace the static bire- 
fringence. The flow birefringence, positive wdth respect to the direction 
of flow (and other evidence to be reported) shows that anisodiamctric 
I’odlets or fibers arc inv'olvcd. The low rates of shear ncce.ssaiy to produce 
birefringence indicate that the asvpmmetiy factor is high. 

During drv'ing. the optical properties of a film of the birefringent gel 
change in a manner which indicates that form birefringence is inv'oh'cd, 
the possible component of eigen birefringence being too small to measure, 
fhe bearing of those facts on the possible structure of the insulin molecule 
will be discussed. 

( onsiderablc reversibility is indicated bv' disappearance of birefringence 
.'ukI dccreasi^ in vi.scositj' after a multiple freezing-thawing treatment since 
.snb'r-fjuent heat treatment cau.ses the birefringent gel to reform. 

. •b'm' U ft*? chcmislrxj and 'physiology. London, Oxford Press, 

jhnf the heat precipitate of insulin, when dissolved in dilute 
ff.xhibits practically the same activitv' as the original material. 

I his tact, togetluT with the above experiments and force-area data, indi- 
otr- that heat treatment does not radieallv' alter the globular nature of 
tii!- ni'.tilin molecule^. 
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Results similar to those for insulin have been obtained for at least one 
other protein; crystalline egg albumin. 

The formation of protein fibers from soluble protein molecules is of 
fundamental biological interest. The reversible formation of the spindle 
and asters in living cells and the irreversible formation of fibrin from 
fibrinogen, all of which show birefringence positive vdth respect to the 
fiber axis, are pertinent examples. It is suggested that there is a funda- 
mental similarity between the forces Avhich maintain the directional molecu- 
lar aggregation in the insulin gel and the forces which maintain manj’’ 
reversible and non-reversible directional aggregations in vivo, although the 
processes by which the aggregations are brought about may be expected 
to be different. 

The mechanism of ventricular fibrillation after digitalis.^ Rene WfiGRiA, 
J. H. Geyer and B. S. Brown (introduced b}" C. J. Wiggers), De- 
parimeni of Physiology, Western Reserve University, Medical School, 
Cleveland, 0. 

The question Avhether or not digitalis induces fibrillation by the same 
mechanisms as electric currents and ischemia ivas studied. 

The fibrillation threshold was determined by measuring the strength of 
a D. C. shock (0.01-0.02 sec.), which, applied during the vulnerable period, 
is just sufficient to induce fibrillation. 

It v^as found that digitalis and ouabam, in doses sufficient to elicit clear 
signs of action, do not alter significantly such a fibrillation threshold. 

Further studies showed that the t 5 q)e of fibrillation induced differs 
significantly from that caused by electric currents or ischemia. After 
development of nodal and premature ventricular beats and occasional 
paroxysms of ventricular tachycardia, the E.C.G. deflections show pro- 
nounced widening and these are accompanied by little elei'^ation of ven- 
tricular pressure. Finalb'-, these become irregular and lead to a true state 
of coarse fibrillation. 

The conclusion is reached that the onset and development of such 
fibrillation is due to favorable development of localized blocks and changes 
in cardiac conducthdty and does not require the advent of an effecttec 
stimulus during the vulnerable period. 

Studies on the aqueous humour. C. B. Weld, H. Davson (bj'- invitation) 
and W. H. Feindel (by imutation). Department of Physiology, Dal- 
housie University, Halifax, Nova Scotia. 

The distribution of sodium and chloride between the aqueous humour 
and blood serum of dogs has been investigated. The observation (T. H. 
Hodgson, J. Physiol., 94: 118, 1938) that the chloride is concentrated in 
the aqueous humour to a greater extent than is demanded by the Gibbs- 
Donnan equilibrium has been confirmed. It is not due to the use of co- 
caine, inhalation or injection anaesthesia, nor is it due to the presence of 
the lens, or to evaporation from the cornea. After paracentesis it is found 
that there is at first no excess of chloride in the newly formed aqueous 
humour; within a period of about six hours, however, the excess becomes 
as great as it lA'as before paracentesis. On the other hand the distribution 
of sodium between the aqueous humour and blood is in conformity with 

^ Aided by a grant from the John and Mary R. Markle Foundation. 
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the requirements of the equilibrium, so that if the excess of the chloride in 
the aqueous humour is to have any osmotic significance it must be balanced 
by some cation other than sodium. An important means of investigating 
the nature of the membrane separating the aqueous humour from the blood 
is given bj" a studj’- of its permeability or othermse, to inulin, and experi-, 
ments will be described on the effects of injection of inulin into cats and 
dogs on the reducing value of the aqueous humom*. 

The effect of enterectomy on gastric secretion.^ J. A. Wells (b}’’ invita- 
tion) and John S. Gr.a.y. Deparlment of Physiology and Pharmacology, 
Northwestern University Medical School, Chicago, III. 

A continuous h3q)ersccretion of acid gastric juice (114 cc. containing 
312 mgm. of HCl per 6 hrs.) has been observed following the removal of 
the small intestine of the dog. The purpose of the present study w^as to 
investigate the possibility that this hypersecretion was due to the surgical 
elimination of the enterogastrone mechanism. 

The entire small intestine (p3dorus to the ileocolic sphincter) w^as removed 
from 13 female dogs. In addition, pancreatic duct ligation and external 
drainage of the gastric and biliaiy secretions wns established. Eleven 
female control animals .were operated in the same w-a3’’, except that the 
.^raall intestine w'as not removed from the bod3L 
The gastric fistula bags were emptied, and the animals were catheterized 
evcr3'- 3 hours throughout the 4 to 7 da3’- observation periods. The animals 
were ^ven subcutaneous administrations of modified Locke’s solution, and 
the biliary fistula bags were emptied ever3’' 6 hours. The gastric samples 
were centrifuged and the supernatant fluid was titrated against standard 
base, using Topfer’s as the indicator. 

The results of this experiment indicate that a marked h3'^pcrsecretion 
occuns in both the enterectomized (114 cc. containing 312 mgm. HCI per 
6 hr. period) and the control (133 cc. containing 358 mgm. HCl per 6 hr. 
-period) animals. This In'^persecretion has continued in all dogs for at 
least -1 da3's, and in some cases as long as 2 w^eeks. The h3’^persecretion 
l^arallels the fluid intake. Atropine administration decreased but did not 
abolish the h^'persecretion of acid, indicating that the pathological libera- 
tion of histamine ma\' contribute to the In-persecretion. 

The observed lu'persecretion appears to be related to the stimulator3' 
effects of .surgical inteiwcntion and postoperative care rather than to the 
surgical elimination of the enterogastrone mechanism. 

Is pectin metabolized? S. C. Wekch (introduced b3' J. M. Beazell). 
Dcyartmcni of Physiology and Pharmacology, Northwestern University 
Medical School, Chicago, III. 

Our jtrevious work has showm that the breakdown of pectin occurs in the 
colon and th.at it is probabh'^ brought about b3' bacterial action. 

Pectin is a hcmicellulose, and on acid h3’drol3’sis 300^5 galacturonic 
anti acetic acids, galaeto-e and metlnd alcohol. Since similar decomposi- 
tion ma_v take place in the colon, we liavc approached the question, ‘T.s 
pectin metabolized?” bv anah'zing urine and feces, from humans fed w'ith 
tK'Ctin, for galacturonic and volatile fatt\* acids, and reducing sub.stnnce.'^ 
as Si ke.v to ilie fate of the above possible producl.s. 
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The pectin used was the same pure citrus pectin used in oiu- previous 
work, obtained from the Research Laboratory of the California Fruit 
Growers’ Exchange. This product is essentiallj’’ free of such impurities 
as pentoses, pentosans, color and other materials frequentl.y found in other 
pectins. 

Normal indhdduals were placed during a control absorption period on a 
diet low in crude fiber. The test period included 30 grams of pectin per 
day in gelatin capsules. Each period was four da3’^s in length. Aliquots 
of feces and urine for analysis were obtained from material secured during 
the third and fourth days of each period. 

Fresh urine was used for the estimation of galacturonic acid and free 
reducing substances, and the procedure was carried out the daj’^ the speci- 
men was secured. Determinations for total hydrotyzable reducing sub- 
stances and volatile acids, on urine and feces, were made on material which 
had been hydrolyzed bj’’ heating in a boiling water bath for 6 hours with 
2 N sulphuric acid. Galacturonic acid was estimated by the Kapp method, 
reducing substances by the Hagedom-Jensen and Somogjd, Shafer, Hart- 
man methods; and volatile acids bj-- the Friedemann method. 

Results obtained bj^ the above procedures indicate that no si^ificant 
difference exists in the excretion of galacturonic and volatile acids, and 
reducing substances during the control and test periods. Thus, the prod- 
ucts of pectin decomposition cannot be detected in the urine and feces. 

Initiation of shock through loss of blood or plasma.^ Jacob M. Werle 

and Richard S. Cosby (introduced by Carl J. Wiggers). Deparimeni 

of Physiology, Western Reserve University Medical School, Cleveland, 0. 

Can loss of plasma or whole blood per se lead to irreversible shock? 
This problem was studied bj’' recording carotid pulses optically in dogs 
anesthetized with morphine and sodium barbital, hlean pressure was 
lowered to 40 to 70 mm. Hg. for two houis b}’’ one to eight hemorrhages or 
by acute plasmapheresis. 

Some dogs developed irreversible shock as indicated bj"^ failure not onlj”- 
of the arterial pressures but also of the contours of arterial pressure pulses 
to return to normal and to remain there for sevei’al hours following re- 
injection of all the blood or plasma withdrawn. Other dogs recovered 
completely though subjected to the same procedures. 

During the low blood pressure period after hemorrhage or plasmapheresis 
in all dogs and also after transfusion in those dogs in irreversible shock, 
the arterial pressure curves were small in amplitude with a prominent 
decline of systolic pressure; thej’- .showed a slow rise to a midsystolic peak 
followed by a systolic collapse. Sometimes the onset of ejection caused 
a huge primaiy oscillation. The incisura was low and the diastolic limb 
almost horizontal. The difference between integrated s.vstolic and diastolic 
mean pressures remained normal during shock. 

The dogs which did not recover completel,y upon restoring all the fluid 
vdthdrawn, did however experience a half-hour improvement therefrom. 
The reasons for the poor response are obscure. It is not due to visceral 
engorgement nor to withdrawal of the reinjected fluid bj”- the spleen — as 
determined by autopsy and bj-- means of splenic area measurements. 

1 Aided by a grant from the Commonwealth Fund. 
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The length of the low pressure period undoubtedly plays an important 
role in preventing recovery. 

Simultaneous strong faradic stimulation of both central vagi, in some 
dogs AWth low pressures, raised the pressure to 220 mm. Hg, although the 
pulse contours remained abnormal. However, those dogs which did not 
respond to vagal stimulation still developed high pressures Avith greatl}’- 
improved pulse contours after adrenalin injection, 

pH changes in the blood following sulfap 3 nidine and sulfathiazole ad- 
ministration.^ Grace E. Wertenbergbr (introduced by E, M. 
Greisheimer). Deparlmeni of Physiology, Woman’s Medical College 
of Pennsylvania, Philadelphia. 

The change in blood pH after single intraperitoneal injections of var 3 dng 
amounts of the sodium salts of sulfapyridine and sulfathiazole was studied 
in a scries of j'oung albino male rats of a standard strain and adult Wistar 
female rats. The diet was constant and the animals average about 200 
grams in weight. The pH w'as determined electrometrically with the 
Beckman potentiometer using the Behnnann-Faj'’ blood chamber for 
anerobic determinations Avith the glass electrode and collecting the blood 
bA’’ cardiac puncture. Readings Avere made just before and three hours 
after administration of the drug, the latter being given m doses of 1 cc./lOO 
grams of bodj^ Aveight. 

A solution of 10 per cent sodium sulfap3Tidine caused an aA'^erage rise of 
0,134 point in the blood pH from an average control pH of 7,52 to an 
aA^rage pH of 7.66 after injection, the range after injection being 7.61- 
7.74. A 10 per cent solution of sodium sulfathiazole also SAvings the pH 
lOAvard the alkaline side from an average control pH of 7.53 to an average 
pH of 7.60 after injection. 

A 7.5 per cent solution of sodium sulfathiazole gives similar results show- 
ing a ri-sc from the aA’erage control pH of 7.53 to an aA’^erage pH of 7.63 
after injection. Preliminarj^ experiments on 7.5 per cent sodium sulfa- 
pyridine also .shoAv a SAving tOAA’ard the alkaline side. 

Uninjeeted animals run as controls Avith each of these groups shoAA'ed no 
change or a slight fall (0.02 point) after the 3 hour interval. This slight 
fall might be expected since all animals AA-^ere fasted for scA'enteen hours 
before experimentation. 

These data support the A’icAA' that the high alkalinity of these compounds 
tends to exhaust the buffer capacity of the bodj’’ and produce an alkalosis 
when giA'cn in large doses. 

Estrogen excretion in hormone-induced menstrual cycles in an ovariecto- 
mked woman. X, T. ^YERTHEssEN (introduced by G. Pincus). Endo- 
criTw Lahorolory of the. Boston Dispensary and the Joseph H. Pratt 
Diagnostic Jlospilal, Boston, Mass. 

Menstrual cycles avcic induced in an ovariectomized girl bj’’ the use_ of 
e.stnsdiol benzoate. The estrogen excretion AA-as studied during the period 
of injection and rneustniation. 

It Avas found that approxirn.ateh' 10 per cent of the injected material Avas 
exen te'i in the urine as actiA'e estrogen Avhen the first 48-hour period after 
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injection was examined. After prolonged injection periods the amount of 
unabsorbed estrogen was such that only a small decrease in quantity of 
output was noticed when collection was delayed 24 to 48 hours after 
injection. 

During menstruation and pregnenilolone therapy the estrogen titre of 
the urine fell below the values obtained before hormone administration. 
Estradiol, estrone and estriol fractions were found active both before and 
after injections had begun. The acthdty of the estriol fraction was lowest 
during menses. 

Thirty milligrams of estradiol in 2 fifteen-milligram pellets ivere im- 
planted. One C 5 ’'cle was induced by the administration of 4 mgm. of 
estradiol 3 weeks after insertion of the pellets. A six-week cycle followed 
vdthout the administration of more hormone. Three 24-hour urine speci- 
mens collected at weekly intervals during the 3 weeks following implanta- 
tion were analysed. Nineteen gamma of estrone equivalent was the high- 
est urinary value obtained. 

Menses were alwa 3 '-s accompanied by dj’^smenorrhea unless at least 30 
mgm. per day of pregnenilolone had been taken oraUy for 10 days. 

Hypophysis and renal function. H. L. White, Peter Heinbecker and 

Doris Rolf (bj’’ imdtation). Departments of Physiology and Surgery, 

Washington University School of Medicine, St. Louis, Mo. 

The effects 1, of complete hypophj’-sectomy (includes destruction of 
median eminence); 2, of “simple” hypophysectomy, and 3, of destruction 
of the neurohypophysis only (including median eminence) on diodrast 
and inulin plasma clearances and renal extractions, on renal plasma flow, 
on tubular maximum rate of diodrast excretion, and on blood volume, have 
been followed for various periods in a series of dogs. Within a few days 
after either simple or complete hypophysectomy there is a marked fall in 
clearances, in renal plasma flow and in diodrast tubular maximum. Re- 
covery of these functions has not yet been seen. There may be some fall 
after destruction of neurohypophysis only, but it is hardly beyond the 
normal limits of variation; the major part of the effect after hypophysec- 
tomy is due to loss of the anterior lobe. Renal extraction of diodrast is 
not significantlj’' lowered; this finding along Avith lowered renal plasma 
flow and diodrast Tm ma}’^ mean that the increased time of passage of 
blood through the kidnej'^ permits normal extraction in spite of an impair- 
ment in the power of the tubules to excrete diodrast. The lowered renal 
plasma flow is not due to closure of renal vessels, as is indicated by the find- 
ing that all renal vessels are injected by ink. 

A working model of the crossing caval blood streams in the fetal heart. 

William H. Whitehead (introduced by W. F. Windle). Department 

of Anatomy, Northwestern University Medical School, Chicago, III. 

( Demonstration.) 

Physiological experiments showing that the blood streams from superior 
and inferior venae cavae cross in the fetal right atrium with little or no 
admixture have been reported (Anat. Rec. 77: 417). A “neoprene” 
latex reconstruction of the right atrium and its apertures was prepared 
from the heart of a full term cat fetus. A stream of blue fluid admitted 
through the superior vena cava of this model emerges from the atrioventric- 
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ular orifice, while a stream of red fluid admitted simultaneously tlu'ough 
the inferior vena cava emerges from the foramen ovale. There is little 
admixture of the colored fluids when the pressure in the inferior caval 
stream is about 20 mm. Hg greater than that in the superior. Although 
the model does not duplicate all conditions in the hving heart, it does 
demonstrate that one should not assume that two streams of blood enter- 
ing a common chamber necessarily mix. 

Further experiments on the origin of urogastrone.^ E. Wieczorowski 
( b}"- invitation), John S. Gray, C. U. Culmer (by invitation) and J. A. 
Wells (b}’" invitation). Department of Physiology and Pharmacology, 
Northwestern University Medical School, Chicago, III. 

In a pre^^ous report of a preliminarj’’ nature, it was stated that uro- 
gastrone behaved as though it were excreted enterogastrone in that it 
practicall}’^ disappeared from the urine of dogs subjected to a complete 
entercctomy. These experiments have been repeated and extended with 
different results as herein reported. 

Seven series of exiieriments, each of which included at least 3 dogs, 
have been performed. In five of the series the output of urogastrone 
(on a kilo-hour basis) was determined both before and after an operation 
consisting of removal of the entire small intestine, external drainage of 
gastric and biliar}^ secretion, and obstruction of pancreatic secretion. In 
two other series the output was detennined before and after a control 
operation in which gastric, biliaiy and pancreatic secretion were diverted 
from the small intestine. 

In one series of entcrectomized animals the output of urogastrone was 
nearly abolished, in another it was reduced and in the remaining three it 
remained c.ssentiallj' unchanged. In both of the control series the output 
was increased. 

These results reveal that removal of the small intestine docs not uni- 
formly reduce the recoverj^ from the uiinc of substances which inliibit 
gastric secretion, although the exclusion of digestive secretions from the 
intestine appears to augment it. Hence, if there is only one substance in 
the urine extracts which affects gastric .secretion, it docs not originate from 
the .small intestine alone. 

The circulatorj’^ response of the unanesthetized dog to adrenalin. Harold 
C. Wiggers, a. jNI. Duschatko (liy invitation) and R. C. Kory (by 
invitation). College of Physicians and Svrgeons, Columbia University, 
New York City. 

Experiments were conducted on six trained, normal unanesthetized 
dogs, .\drenalin was administered intravenouslj’- in amounts varying 
from 0.3 to 3.0 gamma per kilo. Femoral arterial pulse pressures and 
rates werf^ measured with a modified Gregg optical manometer .system. 

Sy.stolic j)rc.=.surcs rose considerablj' more than diastolic with doses of 
0.8.3 to 2.0 gamma per kilo. With .smaller doses, where vagal slowing was 
los', diastolic (elevation kept better pace with the .sj'stolic rise. Maximal 
diastolic, elevation was attained with 2.5 gamma. Systolic prcssurc.s, on 
the other hand, were still increasing, though more gradually, with 3.0 

’ Aided in part by a fcr.ant from tiie Committoe on EnclocrinoloEj' of the National 
Ib-^'arch Council. 
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gamma/kilo. An initial tachycardia, present with any dose, was alwaj’^ 
reversed to bradycardia before sustained maximal pressure elevations were 
attained. The reversal occurred at approximate!}'’ the same degree of 
tachycardia with all doses. The rate at which maximal slowing occurred 
varied dh’ectly with the dose, the degree varying logarithmicall}'- with the 
dose through the 2.5 gamma range. Arr 3 ’’thmias interfered ■ndth determin- 
ations when stronger doses were employed. With any dose the degree of 
cardiac slo^^dng appeared to vary directly mth the initial heart rate but 
the pulse pressure elevations exhibited no definite correlation -wnth initial 
pressure levels. Maximal systolic elevations were always attained sooner 
and were less enduring than maximal diastohc rises. The peak of cardiac 
retardation was reached even later in many instances. The ascending and 
descending slopes of the S5’’Stolic responses were steeper than those of 
diastolic and heart rate responses. 

Several investigators have shown that in man there is no significant 
cardiac sloiving or elevation of diastolic pressure in response to intravenous 
injections of adrenalin in amounts varying from 0.1 to 0.7 gamma/ldlo. 
Myer and SpiegeUioff (Arch. f. exp. Path u. Pharmakol. 190: 256, 1938) 
suggest that the reacting mechanisms differ in man and dog. The large 
and consistent rise in diastolic pressure in the dog indicates that the 
peripheral vasoconstrictor action of adrenalin must still be looked upon 
as contributing materially to the pulse pattern along with an increase in 
cardiac output and a likely reduction of aortic capacity. 

Can sediment be “washed out” of the gall bladder? H. S. Wigodskt 
and B. P. Phibbs (introduced by A. C. Iv}’’). Depariment of Physiology 
and Pharmacology, Northwestern University Medical School, Chicago, III. 
In order to obtain some indication of the flow of bile thi’ough the gall 
bladder, and to answer the question referred to in the title, an inert in- 
soluble substance was placed in the gall bladder and the time necessary 
to wash this substance out of the gallbladder was observed. Sand was 
found to empty well from the gall bladder and could^be followed radio- 
logically. 

Four groups of dogs, each consisting of 15 animals, were used in this 
experiment. Ten grams of washed, screened lake sand were placed in the 
gall bladder of each dog at operation. The feedings were begun as soon 
as possible. Feedings and treatment were given four times daily. The 
following feedings were given and results obtained: a. Canned dog food: 
17.5 days to empty. 6. Canned dog food -f 2 ketochol tablets: 16.8 
days to empty, c. One hundred and fifty cubic centimeters of equal 
parts of whole eggs and cream: 9.6 days to empty, d. One hundred and 
fifty cubic centimeters of equal parts of whole eggs and cream, •+■ 2 ketochol 
tablets: 8.1 days to empt 3 ^ 

The difference in the emptjdng time of the sand in groups a and b on 
the one hand, and b and c on the other, is statistically significant. A 
choleresis per se does not “flush” the gall bladder. Repeated evacuation 
of the gall bladder does “flush” the gall bladder. 

The origin of “off-responses” in the optic pathway. A. Wilsk.a. (by 
invitation) and H. K. Hartline. Department of Physiology and 
Biophysics, Cornell University Medical College, New York City. 
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A characteristic of the activit}’- of the vertebrate optic nerve is the strong 
discharge of impulses occurring in response to cessation of illmnination. 
Analysis shows that manj'’ of the individual fibers are inactive during il- 
lumination of the retina, and respond only when the light is turned off. 
It is not known whether these “off-responses” originate in special receptor 
cells or whether thej’’ have their origin in the ganglionic layers of the retina. 
In the lateral eye of Limulus where the optic nerve fibers are axons of the 
piimary receptor cells, the onl3’’ response is a continuous discharge of im- 
pulses during illumination; “off-responses” are never observed. The 
ganglionic elements in the Limulus optic pathway are fmmd in the optic 
lobes of the central ganglion. We have explored this region bj’' means of 
micro-electrodes to determine whether t3T)es of responses similar to those 
obtained from vertebrate retinal ganglion cells are to be found. 

In the anterior portion of the optic lobe containing the terminations of 
the optic nen-e fibers acti\’it3'^ is recorded during illumination of the e3’'e, 
similar in all respects to that recorded from the optic nerve itself by or- 
dinar}’- methods. Posterior to tliis region we have succeeded in recording 
discharges of impulses in response to cessation of illumination. These 
“off-responses” are similar to those observed in the vertebrate retina. 
There is no acti\dt3’' of these neurons during illumination of the e3’^e; the 
number of impulses and the frequenc3’‘ of the discharge in response to 
turning off the light depends upon the intensit3’’ and duration of the 
preceding illumination. The discharge is inhibited by re-illumination. 
Short periods of electrical stimulation of the optic nerve (10 to 100 shocks 
per sec.) cause discharges of impulses in these same elements upon cessa- 
tion_ of the stimulation. This excludes the possibility of the peripheral 
origin of the “off-responses” in Limulus. 

These obseivations show that certain nerv^e cells may discharge impulses 
onl3' in response to the cessation of preganglionic stimulation. 

Reactions of the anesthetized dog’s chemoceptively-deafferented respira- 
atory mechanism to hypoxemia. Claude V. Winder and Harriet 
0. Winder (b3' invitation). Department of Physiology, University 
of Michigan, Ann Arbor. 

One hundred and sixt3'-eight administrations of No and 6 per cent or 
10 per cent Oj in No to 16 dogs (morphine, and urethane or chloralose) 
with carotid and vago-aortic nen^es cut have been recorded. T3T)ical 
reactions, short of failure, during the administration, were 1, progressive 
decrease in amplitude or amplitude and rate of breathing; 2, decrease in 
amplitude with acceleration of various degrees; 3, decreased amplitude 
with more or less acceleration and partial or complete sub.sequcnt recover3" 
of amplitude, and 4, acceleration with vciy little change or with increase 
in ami)litude. Under ordinar3' anesthesia and at bod3’' temperatures of 
34,2-40.0T.’., S3 per cent of responses were 1.37)0 2 or 3. With one oxcej)- 
lion the .«mall number of t3'pe 1 rc.sponses could be converted to 2 or 3 
b\' prolonging or intensif3'ing the lypo.xcmia. There were few of t3'pe 4. 
In this lai-ge group of type 2 and 3 responses, the acceleration and average 
reduction in amplitude resulted in small net increases in minute-volume in 
about a third, indefinite effects in about a fourth, and decreases in the 
remainder of cases, ditring the administration. 

Ill contrast with this, during bod.v temperatures of 40.0-42,8'’C. minute 
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volume increased during all administrations except 4 in two dogs which 
had received extra anesthetic. Stimulation Avas sometimes striking. The 
majority of responses Avere type 4, the remainder type 2. This effect of 
temperature Avas reA^ersible, 

Irrespective of net minute-volume changes, the first feAv breaths of room 
air folIoAAung an administration commonly resulted in abrupt, temporary 
depression Avhich could be sIioaati to be independent of incipient failure 
by varying the duration of administration. It appears to represent quick 
reduction of an excitatory component AA’hile depression components are 
still operating. 

More or less prolonged after-stimulation Avas typical. It may represent 
a combination of delayed recovery from depression components and arrival 
of blood-borne excitants. The OA’-er-all hypoxic response thus sIioaa^s an 
OA’-en stronger set of excitatoiy components than is apparent during the 
administration only. 

The data suggest that eA'en in anesthetized animals central excitation 
may operate AAdth chemoreflex in combating central depression. 

Role of carbon dioxide in resuscitation at birth after asphyxia and after 

nembutal anesthesia. F. Windle and R. F. Becker (by invitation). 

Department of Anatomy, Northwestern University Medical School, 

Chicago, 111. 

Pregnant cats and guinea pigs near term Avere subjected to anemic decere- 
bration or local anesthesia to facilitate observations in unanesthetized 
fetuses. After deltyering one fetus for control, litter mates Avere asphyxi- 
ated by clamping the umbilical cord or uterine vessels. In other experi- 
ments, after delivering one fetus, nembutal AA^as administered to the mother 
in dosage smaller than required for adult anesthesia; no further attempt 
Avas made to induce asphAocia in these fetuses. 

Intrauterine respiratory movements appeared only AAdren placental 
exchange Avas impaired. Fetuses delivered Avithout anesthesia and Avith- 
out asphyxia began to breathe as soon as the face reached the air. Afferent 
stinaulation aided in initiating respiration. 

Asphj'^xia induced marked intrauterine actiAuties including fetal respira- 
tory movements. Rate and amplitude of fetal respirations indicated 
degree of fetal asphyxia. Cat fetuses AA^ere more resistant to asphyxia 
than guinea pigs. Asphyxia was carried as far as compatible AAoth survival 
after deltyery (some shoAved . symptoms of central nervous sj'^stem damage 
subsequently). Newborn animals AA'ere resuscitated in Avarm chambens 
containing air-oxygen atmospheres. Admission of about 5 to 10 per cent 
carbon dioxide usualty proA’-ed beneficial, often increasing depth and rate 
of respirations. 

Nembutal, insufficient to anesthetize the mother completely, produced 
marked depression of the fetal nervous system. At delivery the fetus 
failed to breathe immediately and resuscitation Avas accomplished AAuth 
difficulty. Air-oxj’-gen mixtures , facilitated resuscitation. Some guinea 
pigs responded to carbon dioxide but no newborn kitten Avas benefited by 
this gas. In several experiments litter mates delivered simultaneous^ 
after nembutal administration AA^ere placed in air-oxygen and air-oxygen- 
carbon dioxide mixtures respectively; those in the latter atmosphere died 
AA'hile those receiAung no carbon dioxide recovered. 
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Nembutal is transmitted across the placenta of the cat and guinea pig. 
It appears to raise the respiratory center threshold to such a high level 
(especiall}’- in the cat) that carbon dioidde and afferent nerve impulses have 
difficulty in reaching the center to initiate breathing at birth. Resuscita- 
tion with carbon dioxide is contraindicated when nembutal has been 
administered during labor. 

Effect of whole bile and various bile constituents on gastric motility of the 
dog. James M. Winfield and Jerzy Kaulbersz (introduced by 
Charles G. Johnston). Department of Surgery, Wayne University 
College of Medicine, Detroit, Mich. 

IWiile studjung the effects of feeding dried whole bile to patients with a 
variety of lesions, it was noted that the symptom of anorexia was often 
relieved. In the following study it was found that when whole bile from 
various sources, or bile salts dissolved in water were placed in a fasting 
dog’s stomach during the quiescent phase, gastric hunger contractions 
were invariably produced. On the contrarjq Avhen these substances are 
placed in a fasting dog’s stomach during the contraction phase, there oc- 
curred a relative^ short but definite inhibition of contractions in approxi- 
mately three-fourths of the experiments. In addition, it was foimd that 
choline in a concentration found in dried bile did not call forth contractions, 
and produced inhibitions of contractions approximately as did the bile. 
Several magnesium salts produced contractions in appro.ximately 50 per 
cent of the experiments and caused inhibition of contractions in about 
three-fourths of the experiments. Potassium chlon'de, on the other hand, 
produced definite contractions during the quiescent phase, and diminished 
the tone during the contraction phase. 

The motility of the dog’s stomach was then recorded during the feeding 
of canned dog food, beef heart, gelatin, bacon, olive oil, and sugar. Shortly 
after the feeding of fat, either as bacon or olive oil, hunger contractions 
ceased. In onty 2 of 24 expeiiments did the feeding of whole bile after 
the intake of fat call forth contractions after a resting phase produced by 
fat. The introduction of gelatin and sugar caused a cessation of gastric 
hunger contractions, and the feeding of mixed dog food produced feeble 
digestive contractions. The subsequent introduction of bile did not affect 
the above result.s. 

The feeding of beef heart, produced digestive gastric contractions similar 
to type I hunger contractions. When whole bile Avas introduced, Avith the 
beef heart, the contractions were diminished, but occasionally a rise of tone 
was noted after the feeding of aaJioIg bile. 

Toxicity of potassium in adrenalectomized dogs.^ A. W. Winkler, 
H. E. Hoff and P. K. Smith (by invitation). Department of Internal 
Medicine and Laboratories of Physiology and Pharmacology, Yale Uni- 
versity School of Medicine, New Haven, Conn. 

Potassium salts were injected intraAmnousty into adrenalectomized dogs 
wiiich had been maintained on salt AA'ithout cortin. The range of concen- 
tration of potassium in serum at the moment of death A\-as identical AVitn 

’ Aided by pr.'trits from the Committee on Thenipeutic Researcli of tlie .Amencan 
Aledic.al Associutioti, the Eila Sachs PJotz Fund and the Fluid licsearch Fund, lalc 
University School of Medicine. 
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that required to kill normal animals. Electrocardiographic events prior 
to' death were of the same character and occurred in the same sequence in 
.adrenalectomized and in control animals. There was therefore no e^d- 
dence of increased or altered sensitivity of the heart to potassimn in the 
adrenalectomized animal. Nevertheless much smaller amounts of potas- 
sium sufficed to kill the adrenalectomized animals. This maj’- sometimes 
have been due in part to the presence of an initally elevated concentration 
of potassium in the serum. Diminished excretion of potassium by the 
kidneys was regularly a contributor^’^ cause. However, the most important 
cause from a quantitative standpoint was the greatly diminished 'apparent 
volume of distribution of the injected potassium, so that the adrenalec- 
tomized animals required less than one third as much potassium as did 
normal animals in order to produce an equivalent increase of concentra- 
tion in serum. 

The relationship between urinary total nitrogen and the polyuria of ex- 
perimental diabetes insipidus. Charles A. Winter and W. R. In- 
gram. Departments of Physiology and Anatomy, State University of 
Iowa, Iowa City. 

Normal cats fed a stock diet composed of raw ground lean beef and milk, 
and containing 3.2 grams of nitrogen in a daily portion, excrete mine with 
a total nitrogen concentration of about 25 mgm. per cubic centimeter on 
the average. Cats in the permanent phase of diabetes insipidus followng 
interruption of the supraoptico-hypoph 3 ’seal tracts concentrate the urinary 
nitrogen only to the extent of 4 to 10 mgm. per cubic centimeter, dependihg 
upon the degree of polyuria. Diets have been devised containing various 
amounts of nitrogen, from about a third the amount in the stock diet, to 
about 50 per cent more than the stock diet, but the caloric value and NaCl 
content kept appproximatel}’ constant. The normal cat responds to the 
high nitrogen diet b 3 ’ greatb’ increasing the nitrogen concentration in the 
urine, sometimes to as high as 50 mgm. per cubic centimeter or more, and 
there ma 3 ’' or ma 3 ’' not be a slight increase in urine volume. The d.i. 
cats, on the other hand, show only slight or no increased urinaiy nitrogen 
concentration, but show a marked increase in urine volume, so long as 
free access is allowed to drinking water. On a low nitrogen diet, there is 
some reduction in urine volume of the nonnal cats, but the reduction in the 
pob’uria of the d.i. cats is most striking and dramatic, and the effect is 
independent of the caloric or NaCl intake, at least within fah'ty wide limits. 
At all levels of urinar 3 ’^ nitrogen excretion, there is a close parallelism be- 
tween total urinaiy nitrogen and urine volume in the d.i. cats. A d.i. 
cat complete^’' deprived of water and fed the stock diet calls upon his 
reserve of body Avater to help excrete the nitrogen, and hence runs a 
strongly negative Avater balance and eventually shoAA’s signs of extreme 
dehydration. Under these circumstances, the d.i. cat is able to effect a 
concentration of urinaiy nitrogen greater than that Avhich he Avould ordi- 
narily exhibit, but at best it neA’-er approaches the level found in the nor- 
mal cat. 

Conditions influencing the course of steroid hormone anesthesia. Helen 
Winter (by inAntation) and Hans Selye. Department of Anatomy, 
McGill University, Montreal, Canada. . ■ 
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Experiments in the rat indicate that the anesthetic effect of intraperi- 
toneally administered progesterone is considerably more pronounced in 
female rats than in males of the same age and weight. The probable reason 
of this sex difference in the responsiveness \nll be discussed. 

Subcutaneous administration of large amounts of glucose tends to 
counteract the anesthetic effect of intraperitoneally administered pro- 
gesterone while insulin exerts an opposite effect. 

The effect of liver damage by carbon tetrachloride on fatty acid utilization 
of rats receiving a fat-free diet. Irwin C. Winter (introduced by 
Lathan A. Crandall, Jr,), Department of Pharmacology, University 
of Oklahoma School of Medicine, Oklahoma City, 

The fatty acid “loss” of two groups of male albino rats over a two week 
period was deteimined bj’’ the paired feeding method previously described 
(J. Biol. Chem. 136: 123, 1940). Twelve pairs of litter mates made up 
each group, one litter mate of each pair ser\dng as a normal control, the 
other receiving 0.05 cc. of carbon tetrachloride per 100 grams of body weight 
everj'- other day. Group I received a fat-free diet (J, Nutrition 17: 115, 
1939) plus 10 per cent ethjd stearate; group II the fat-free diet alone. 
Adequate vitamin supplements including linoleic acid were incorporated 
into the diets. 

The average fatty acid loss of the normal animals of group I was 4.21 
0.11 grams, and of the carbon tetrachloride rats, 2,98 dr 0.10. The 
nonnal animals lost an average of 14 grams body weight, the treated rats 
8 grams. On the fat-free diet the fatt}’^ acid loss was much decreased as 
compared to Group I, and was not significantly decreased further by the 
administration of carbon tetrachloride (normal = 0,74 dr 0.09 grams; 
treated = 0.63 d: 0.12). Both normal and treated rats of group II lost 
an average of 7 grams of body weight during the two week period.^ 

It is concluded that while liver damage to the extent obtained in this 
investigation impairs the ability of the rat to metabolize even moderate 
quantities of fatty acids, minimal amounts are utilized as well as by the 
noimal animal. 

Total renal blood flow at any mine flow or extraction fraction. A. V, 
Wolf (introduced by E. F. Adolph). Department of Physiology, 
University of Rochester School of Medicine, Rochester, 'N. Y. (Read 
In' title.) 

While computing renal blood flows from arterio-venous differences of 
concentrations, it was noticed that current equations were inaccurate for 
substances of low extraction fraction, especialty at rapid rates of urine 
flow. A paradox was evident for substances that are not extracted, where 
a negative flow would be computed. The usual equation for total renal 
blood flow (analogous to the Fick principle) has the form (1), a = ti U / 
(A-/?), where a is rate of blood flow, n is rate of urine flow, U is concentra- 
tion of a substance in the urine, and A and R are concentrations of this 
substance in arterial and renal vein blood, respectively. This relation 
becomes less exact as the urine flow increases and as the extraction fraction, 
{A-R'}1 A, decreases, because it recognizes no difference in rates of flow 
in renal artery and vein. The difficulties are avoided by the follovang 
pnictical method. 
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Let renal vein flow r = (a~u). Then a is found by the equation aA — 
(a-u)R + ii U which states the law of conservation of matter for anj”^ sub- 
stance, neglecting lymph flow. This gives (2), a = u(U-B)/A-R). 
Here the value of a is unaffected by the factors of urine flow and extraction 
fraction, differing from equation (1) by the quantity uR/{A-R), in which 
R/(A-R) increases when the extraction fraction decreases. With sub- 
stances of high extraction fraction like diodrast the advantage of the present 
equation is negligible. For inulin or urea, however, the errors avoided 
b3’' its use are of the order of 4 to 14 per cent. For example, from data 
obtained for urea in a dog of Van Slyke et al. (Am. J. Phj’-siol. 109: 344, 
1934) renal blood flow was computed bj’- equation (1) as 167 cc./min. 
Bj’" the more general equation (2) a would be computed as 147 cc./min. 
The difference in computed flows amounts to 13.6 per cent. 

Glucose reabsorption in the amphibian kidney. Earl H. Wood’ (intro- 
duced by A. N. Richards). Laboratory of Pharmacology, University 
of Pennsylvania, Philadelphia. 

Previous studies have indicated that in the amphibian kidnej’^ blood 
glucose level is a determinant of glucose reabsorption the kidney tubules. 
Shannon and Fisher have found that in the dog the capacity of the tubules 
to reabsorb glucose is independent of the blood level, glycosuria resulting 
when the glucose filtration rate exceeds the maximum tubular reabsorptive 
capacity 

Since it seems unlikety that the glucose reabsorptive mechanisms of the 
amphibian and mammalian kidnej’’ are fundamentally unlike, an attempt 
has been made to learn more concerning this mechanism in the kidney of 
nectmais. 

In one series of experiments, fluid was collected simultaneously from a 
glomerulus and from the distal end of a proximal tubule, before and after 
injection of sufficient glucose to raise the blood glucose level above the 
kidney threshold (60 mgm. per cent). The calculated amount of glucose 
reabsorbed per 100 cc. of glomerular filtrate was as great or greater when 
blood glucose averaged 135 mgm. per cent (5 expts.) than when it averaged 
44 mgm. per cent (10 expts.). 

In 15 experiments after blockage of a glomerulus, the lumen of the proxi- 
mal tubule originating from it was perfused vdth normal glomerular fluid, 
previously collected, while the blood glucose level was varied independently 
by intravenous injection of glucose. Average results follow: 


NU3.N 
BER 
OP EX- 
PERI- 
MENTS 

PERFUSION RATE, C.MM. PER HOUR 

MGM. PER CENT GLUCOSE INC 

RATE OF GLUCOSE 

rbabsdrption, 
MGM. PER 1000 
HOURS 

Injected 

fluid 

Collected 

fluid 

Plasma 

Injected 

fluid 

Collected 

fluid 

6 

9 

1.21 (.96-1. 43) 
l.OlC.61-1.29) 

1.25(.96-1.52) 

1.03(.52-1.28) 

53(42-68) 

143(86-190) 

50(35-64) 

70(33-170) 


.393(’l95-.565) 
.374 (.183-. 640) 


These results indicate that in necturi increase in blood glucose levels to 
2-3 tunes that of the renal threshold does not diminish the rate of glucose 
reabsorption; they are in essential agreement therefore with the conclusions, 
of Shanhoh and Fisher. 

^ National Research Council Fellow. 
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The effect of convulsive doses of metrazol on blood pressure : as employed 
therapeutically, during spinal anesthesia and during asthenia from 
curare. R. A. Woodbury, H. M. Cleckley (b}-- invitation), Perry 
P. VoLPiTTO (b}-- imdtation) and W. F. Hasolton. Departments of 
Physiology and Pharmacology, Neuropsychiatry and Anesthesiology, 
University of Georgia, School of Medicine, Augusta. 

Optical records of pressure changes were obtained bj’’ the direct method, 
using the “hypodermic” manometer. In man S3^stolic and diastolic 
arterial pressures are increased as much as 75 mm. Hg during the tonic 
commlsions and as much as 150 mm. Hg during the clonic convulsions. 
Records of the intra-abdominal pressure indicate that these elevated 
pressures are produced bj’ contractions of the skeletal muscles. The in- 
creased intra-abdominal pressure supports and adds itself to the arterial 
pressure. In addition to this, the clonic contractions of the skeletal muscles 
have a pump-like action. This increases venous return and at times ma}" 
push blood through the heart and into the pulmonarj’’ arteiy, 

Immediatelj’’ after the con\'nlsions (usuallj’’ one to one and one-half 
minutes after the metrazol injection) the s3'^stolic and diastolic arterial 
pressures are reduced, usualb’’ 20 to 25 mm. Hg below the normal values. 
Generally the pulse pressure is reduced and the heart is slowed. These 
pressure changes ma3' result from extensive vasodilation which the height- 
ened muscular activit3’’ would produce. Three to five minutes after the 
injection the arterial pressure became approximatel3' normal. 

Spinal anesthesia (level T- 3 ) ■svith procaine h3"drochloride or asthenia 
produced b3^ curare eliminates the initial rise in the blood pressure. This 
results from the limitation of the intensit3’ and the extent of the muscular 
activity during the con%mlsions from metrazol. In the pesence of asthenia 
from curare, the secondary fall of blood pressure is insignificant. During 
spinal anesthesia tliis secondaiy fall is pronounced and brad3’^cardia and 
arh3dhmia are present. This dangerous reduction of blood pressure and 
brad3'cai'dia probabl3’' result from paratysis or paresis of the sympathetic 
nervous S3'stem (to the level T- 3 ). This would allow excessive vagal 
stimulation b3" the metrazol. 

In dogs and cats sub-convulsive doses of metrazol produce small changes 
in the blood pressure. Conxmlsive doses produce changes very much like 
those described above. Venous pressure records show that the convulsion.s 
markedh’- influence venous return to the heart. 

The aid of Elkin ^'ogt while performing the preliminaiy e.xiieriments on 
dogs and cats is acknowledged. 

Aid from a grant of the American Medical Association is gratefuly 
acknowledged. 

Topical projection of nerve fibers from local regions of the cochlea to the 
cerebral cortex of the cat. Clinton N. Woolsey and Edward M. 
Walzl ( 1 ) 3 ' invitation). The Johns Hopkins University, School of 
Medicine, Baltimore, Md. 

Bx' electrical stimulation of cochlear nerve fibeis in the spiral osseous 
lamina near their terminations, it has been i)0ssible to obtain a point-to- 
point projection of the auditoiy nerve to the cerebral cortex of the cat. 
After exposure of the spiral osseous lamina 1 ) 3 ' removal of the bon3' capsule 
of the cochlea together with the organ of Corti, fine steel electrodes, in- 
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sulated except at tlie tips, were placed on the free edge of the spiral osseous 
lamina at four points on the basal turn, at one on the second, and at one 
on. the apical turn, (1, 3, 5, 7, 14 and 18 mni., respectivelj'^, from the basal 
end). When these points separately were stimulated with single condenser 
discharges, surface-positive potentials were evoked in rather restricted 
band-lilce regions extending doi-so-ventrall}'- through the auditoiy areas of 
both cerebral hemispheres. 

It was found that the basal end of the cochlea projects to an area sur- 
rounding the superior end of the anterior ectosylvian sulcus, whereas the 
focal area for the apex was located just behind the superior end of the 
posterior ectosjdvian sulcus. Intermediate regions of the cochlea were 
represented by intermediate zones in the auditory areas. 

Corresponding points of ipsilatcral and contralateral cochlae projected 
to the same cortical area of a single hemisphere and gave rise to potentials 
of similar magnitudes and latencies at particular cortical points. 

Since the fibers of the cochlear nerve arc distributed in an orderlj’- manner 
to the organ of Corti, localized regions of which respond specificallj’' to 
particular frequencies of the sound spectrum (Walzl and Bordley, these 
proceedings), the demonstration of a point-to-point projection of the 
fibers of the cochlear spnal to the cerebral cortex provides an anatomical 
basis for tonal localization in the cerebral mantle. 

Temperature selection and the effect of temperature on movement in 

frog tadpoles. Grace Woroian (by invitation) and Kenneth C. 

Fisher. Department of Biology, University of Toronto, Toronto, 

Canada. 

When frog tadpoles are placed in a trough in which a temperature gradi- 
ent exists, it is observed that as a consequence of then- “random” move- 
ments they are more frequent^’’ observed in one temperature region than 
elsewhere. Frequency plots are readilj'^ made of the position of the tad- 
poles with respect to temperature. For this behaviour the term “tem- 
perature selection” will be used and “selected temperature” for the level 
of the. peak of the curve (rather than the older terms “temperature prefer- 
ence” and “preferred temperature”). 

The selected temperatures for Rana pipiens, sylvatica and clamitans 
tadpoles raised at 20°C. are respectively 20, 17 and 27 ± 3°C. These 
values are only relatively significant since the selected temperature appeal’s 
to vary with size and previous experience with respect to temperature. 

In an attempt to discover the physiological basis of this behaviom- 
Fi.sher and Elson have shown that for trout (Salvelinus fontinalis) and 
salmon (Sahno solar) the “selected temperature” is also the temperatm’e 
of maximum movement. With this in mind measm’ements were made of 
the movement of pipiens tadpoles at constant temperature when stimu- 
lated with condenser discharges at a graded series of voltages. The 
distance moved was observed to increase vdth increasing stimulus strength 
up to a maximum and then to remain constant. From a series of such 
curves at several temperatures, the greatest movement at all strengths of 
stimulus was observed at about 20'’C. Moreover, for individual tadpoles 
the selected temperature and the temperature of maximum movement 
change in a parallel fashion ivith changes in the temperature experience 
of the individuals. 
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It is therefore indicated that in frog tadpoles as well as in fish the selected 
temperature is also the temperature of maximum movement. This coinci- 
dence suggests that the phj’-siological basis of the selection may be con- 
nected with the effect of temperature on the distance moved in response to 
stimulation. 

Effects of milk diets on guinea pigs. Rosalind AVulzen and Alice 
M. Bahrs. Deparlmeni of Zoology, Oregon State College, Corvallis, 
and St. Helen'' s Junior College, Portland, Ore. 

Groups of young guinea pigs were fed rations of whole raw milk, pas- 
teurized whole milk, raw sMm milk and pasteurized skim milk. To the 
milks were added 10 per cent skim miUc powder, adequate amounts of 
copper and iron, carotene and orange Juice. The milk rations, straw and 
iodized salt were provided ad lib. Animals fed raw whole milk grew ex- 
cellently and at autopsy'' showed no abnormalitj" of anj’^ kind. Those on 
the pasteurized milk rations did not grow as well and developed a definite 
sjmdrome, the first sign of which was wrist stiffness. On pasteurized skim 
milk ration the sjmdrome increased in severity until the animals finally 
died in periods ranging from a month to a year or more. The}'- showed 
gi’eat emaciation and weakness before death but remained in normal posture 
and had little tendency to paral.ysis of the limbs. Upon autopsy the 
muscles were found to be extremely atrophied and in most cases were 
streaked Arith closelj* packed, fine white lines of calcification running 
parallel to the muscle fibers. There Avere often lumps of tricalcium 
phosphate deposited under the skin, in the joint regions, betAA'een the ribs 
and indiscriminately in inanj' body organs including heart and aorta. 

It was found that raw cream giA^en by mouth had power to cure the 
original wrist stiffness. An exrtract AA^as made from raw cream Avhich Avas 
able in a feiA* days to restore the stiff AAudsts of affected anunals to their 
normal limber condition. T his active substance aa^s found b3’' Romeo 
Gouley to be methjdvinylketone and Avas successful!}^ sjmthesized by him. 
The S3mthetic product had active curatiA'’e power. 

AATien cod liver oU, ^ per cent, Avas substituted for carotene in the skim 
milk ration, in addition to stiffness the animals quickl}’" developed paralysis. 
Their hind legs dragged and locomotion soon became impossible. We 
haA'e found that s3mthetic meth3dvin3’'Iketone AA’as able to restore normal 
locomotion to these animals proAuded the disease aatis not too far adAmnced. 

The effect of gonadectomy upon the incidence of homoplastic adreno- 
cortical transplants in rats. Leland C. Wyman and Caroline Tuai 
SuDEN. Physiological Laboratory of Boston University School of 
Medicine and the Evans Memorial, Massachnseits Memorial Hospitals, 
Boston, Mass. 

Although the “end-organ hormone’' theor}' (deA'eloped to explain the 
rh3i:lunicit3' of the sexual c}^^, etc.) has been applied squall}" to both 
sexes, cAddence is accumulating that Avhile androgens^ inhibit pituitary 
acthdt}', estrogens may' stimulate it. Numerous investigators agree that 
the injection of androgens is folloAved by' decrease in the AA'cights of the 
pituitap' and adrenal glands, but that the injection of estrogens is followed 
by' an increase; and that gonadectomy' is folloAA-ed by' an increase in the 



PEOCEEDINGB 


P501 


weight of the two glands in males, but by no change or a decrease in 
females. 

It has been established that the groud,h of transplanted adrenocortical 
tissue depends upon pituitary activity (presumably adrenotropin pro- 
duction). Intramuscular autoplastic transplants are successful in about 
95 per cent of cases, but non-sibling homoplastic transplants are successful 
in about 30 per cent. The effect of gonadectomy upon this latter inci- 
dence was therefore studied. 

Young mature rats were used. Dorsal intramuscular homoplastic 
transplants of adrenal cortex were made in adrenalectomized nonsibUng 
recipients. Gonadectom 3 '- was performed simultaneously- Successful 
transplantation was judged bj’’ health, survival and examination of the 
grafts at biopsj'’, 60 to 125 da^^s after operation. Successful grafts were 
obtained in 11 of 38 male (28.9 per cent) and in 21 of 65 female (32.3 per 
cent) non-gonadectomized controls. The incidence in the gonadectomized 
rats was 21 of 39 males (53.8 per cent) and 10 of 35 females (28.5 per cent). 
The increased incidence in males and lack of significant change in females, 
confirms the opinions stated above. 

There is not complete agreement as to the duration of pituitary changes 
following gonadectom 3 ^ Some say that thej'^ persist for years. In 10 
male rats castrated two weeks before adrenal homotransplantation, 4 
(40 per cent) grafts were successful; and in 45 males castrated 2 to 3 
months before homotransplantation, 12 grafts were successful (26.6 per 
cent), a figure not significantly different from that of the controls. Ap- 
parently the changes responsible for the increased incidence of successful 
grafts (53.8 per cent) when castration and transplantation are simultaneous 
do not persist indefinitely. 

Micromanipulative studies on vascular responses remote from a trauma- 
tized region. BENjAinN W. Zweifach (introduced by Robert Cham- 
bers). Washington Square College, New York University, New York 
City. 

The effects of tramna, to tissues remote from the area under observation, 
were followed in the tongue, mesentery and intestinal Avail of the frog. 
Here, the significant initial alteration occurs in the arterioles. This is in 
contrast to the observed responses in areas injured Avith microneedles, 
where the venules and capillaries are primarity involved. Of the two 
controlling factors regulating the caliber of the small arterioles, the con- 
strictor influence is primarily affected. This is indicated b 3 ’- the fact that 
the arterioles become refraetile to constiictor nervous influences. They 
remain partially dilated and are no longer obserA’^ed to narrow down, but 
still respond to local mechanical stimulation. The capillary circulation, 
instead of being confined to a fraction of the available channels, is now 
distributed thi’oughout the capillary bed. As a result a considerable por- 
tion of the blood remains in the tissues. 

The persistent opening of progressively increasmg numbers of capillaries 
produces a gradual slowing of the venous floAV. The larger arteries then 
become considerably narrowed. This serves only to sIoav doANOi the Avidely 
distributed blood flow in the capillary bed. As a result the blood which 
reaches the venules gradually becomes more venous in character. The 
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subsequent loss in venular tone is followed a dilatation and an increase 
in permeability of the vessel. The C 3 ’^cle of events which occurs in locally’- 
injured regions is now repeated and ma 5 ’- eventuallj^ result in a complete 
disruption of capillaiy flow. 

In regard to the contractile mechanism of the arterioles, it was found that 
the effect on the arterioles did not parallel the condition of the arteriolar 
wall direetty exposed to traumatized tissue. The muscle cells of the 
arterioles, 60-85 minutes after the initiation of the trauma, still responded 
to direct prodding vdth the microneedle, vdiereas, those of the arterioles 
in the injured regions eventually'' lose all responsiveness to any type of 
stimulation. 



ERRATUM 

Volume 132, page 674. In figure 2 of the paper; A Comparison of the Effects of 
ll-Desoxycorticosterone Acetate and 17-Hydroxy-ll-Dehydro-Corticosterone 
in Partially Depancreatized Rats, by Dwight J. Ingle and George W. Thorn, 
the values for “urinary glucose” are expressed in tenths of grams. They should 
be expressed in grams. 
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WHOLE CORTICO-ADRENAL EXTRACT ON ADRENAL 

INSUFFICIENCY^ 

S. W. BRITTON AND R. F. KLINE 

From the Physiological Laboratory of the University of Virginia Medical School 
Accepted for publication April 1, 1941 

Observations made in the past three years on the relative effects of 
desoxycorticosterone and cortico-adrenal extract on blood-chemical and 
other conditions in adrenal insufficiencj’’ have been somewhat confusing. 
With increasing utilization of these materials in clinical conditions, it is 
highly desirable that a more exact knowledge of their influence be secured. 
A year ago we reported some preliminary observations on this subject 
(Britton and Corey, 1940), and these have now been extended to include 
further experimental series and more rigorous test methods. Desoxj^- 
corticosterone acetate^ has been compared physiologically with whole 
corti co-adrenal extract of high purity prepared in this laborator}'' (Britton 
and Silvette, 1931). 

Methods. In all cases except normal controls, tests were made on 
animals from which both adrenal glands had been removed. Small 
amounts of cortico-adrenal extract, and also sodium chloride in the drinking 
water, were first given post-operatively to all animals for about a week. 
Treatment was then stopped, and usually within two or three da5’-s, when 
early symptoms of adrenal insufficiency appeared, studies were made of 
hormonal effects (see details later). Cats and rats were used. 

Blood glucose was determined by the method of Folin and Malmros 
(1929) and glycogen by a modified Pfliiger technique (Silvette and Britton, 
1932). Analyses for sodium were made by the method of Butler and Tub- 
hill (1931); for potassium, Kramer and Gittelman (1926); for chloride, 
Van Slyke and Sendroy (1923) ; and for urea. Van Slyke and Kugel (1933). 

1 Grateful acknowledgment is made of aid received in this investigation from the 
Committee on Research in Endocrinology of the Nationat Research Council. 

= Desoxycorticosterone acetate was very kindly and generously supplied under 
the name "Cortate” by the Schering Corporation. 
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Results. Cats. Effects on tlie general condition of animals after 
injection are given in table 1. It was evident throughout all the experi- 
mental series on cats that Avhile desoxjmorticosterone usually abolished the 
earty s 5 miptoms of adrenal insufficienej’- and restored tissue and blood- 

TABLE 1 


General effects produced by (A) desoxycorlicostcrone and (J5) cortico-adrenal extract on 
adrcnalectomized cats with symptoms of insufficiency 


CAT NO. 

AMOT7NT 

MATERIAL 

INJECTED 

INITIAL CONDITION 
OF CAT 

RESin.TS 

(A) Desox 3 '^corticosterone 


mgm. 



1 

25 

Weak 

Improved, but would not eat in 6 hours 

2 

25 

' Sluggish 

Slight improvement 6 hours after injection 

3 

25 

Sluggish 

Animal interested in food in 7 hours 

4 

25 

Sluggish 

Improved but would not eat in 7 hours 

5 

25 

Weak 

Appeared fairly normal within 8 hours 

6 

25 

Weak 

Slight impro%'ement at end of 6 hours 

7 

25 

Weak 

Slightly improved after 6 hours 

8 

50 

Weak 

Improved at end of 8 hours, normal at 16 hours 

9 

50 

Weak 

Normal but would not eat at 16 hours 

10 

50 

Weak 

Normallj' active but not eating at 16 hours 

11 

20 


Slight improvement at end of 6 hours 

12 

20 

Sluggish 

Slight improvement at 8 hours 

13 

20 

Sluggish 

Condition unchanged at 8 hours 

14 

20 

Sluggish 

Somewhat improved at end of 8 hours 

15 

20 

Sluggish 

Improved after 6 hours, would not eat at 8 hours 

(B) Cortico-adrenal extract 

21 

cc. 

50 

Weak 

Animal eating at end of 6 hours; normal 

22 

50 

Weak 

Improved, interested in food at end of 2 hours 

23 

25 

Convulsions 

Took food at end of 2 hours 

24 

25 

Comatose 

Xormallj’^ active at 1 hour, eating at 2 hours 

25 

25 

Convulsions 

Normal, ate meal of salmon at 3 hours 

26 

25 

Convulsions 

/Yppeared normal at 1 hour, ate at 2 hours 

27 

25» 

Conv’ulsions 

Improved at 1 hour, eating at 2 hours 

28 

20* 

Weak 

Took meal at end of 4 hours; normal 

20 

20* 

Convulsions 

Normal, eating, at end of 1 hour 

30 

10* 

Convulsions 

Normal, took food at end of 1 hour 


* Extract given orally. 


chemical conditions within 24 liour.s, whole cortico-adrenal extract was a 
much more rapid and efficacious agent. Large doses of deso.x^'cort!- 
coslerone brought about no general improvement in cats with symptoms of 
adrenal insufficiency' in less than 6 hour.s, in 15 experiments. In only one 
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case was an animal restored sufficientlj* to accept food (canned salmon) 
Y-ithin 16 hours after injection. In a few cases with severe symptoms, 
desox 3 ’^corticosterone was unalDle to bring about restoration. The material 
was also not active in two cases treated bj^ mouth. Whole cortico-adrenal 
extract appeared markedl}' effective, in contrast, even in cases of extreme 
insufficienc.y (10 experiments). Sometimes within an hour after adminis- 
tration, extract-treated animals appeared normal and ate well. Oral 
treatment (extract) was equalh' effective (see Britton, Flippin and Silvette, 
1931). 

Comparison was made of changes in serum electrohdes and blood and 
tissue gl3’'cogen brought alDOut b\’ desoxj’-corticosterone and cortico-adrenal 
extract respectivelj’’, in cats with adrenal insufficiencjr Slight weakness 
only was allowed to develop before treatment. Blood samplings were made 
before injection (0 hour), and at the end of 8 and 16 hours in different 
series. Twenty-five milligrams of desoxj'^corticosterone or 25 cc. of cortico- 
adrenal extract per 8 hours were administered. Changes in serum electro- 
Ijdes (K, Na, Cl) toward normal levels were observed in all cases at the 
end of 8 hours. Blood sugar and liver glycogen levels were still subnormal, 
however, at the end of 16 hours after desoxj'^corticosterone administration 
(7 cases). In the same period, the carbohydrates were approximately 
normal after cortico-adrenal extract treatment (4 cases). The respective 
readings were: 16 hours after desoxj’-corticosterone: blood sugar, 74 
mgm. per cent; liver gtycogen, 0.22 per cent; 16 hours after cortico-adrenal 
extract: blood sugar, 98 mgm per cent; liver glj^cogen, 0.89 per cent. In 
all cases the muscle gtycogen values Avere vuthih normal limits. 

Adrenalectomized cats AA'hich AA-ere allowed to develop signs of in- 
sufficienc}’-, and then treated AA-ith small amounts of desox 3 ^corticosterone 
(5 mgm.) tAvice dail 3 ’' for da 3 ^s, shoAved normal electrol 3 ’'te and carbo- 
h3^drate levels. Extract-treated animals obserA’-ed under similar conditions 
displa3'^ed higher carboh3^drate readings. The results AA^ere as folloAA^s: 
At end of 3| da3’^s’ treatment AA'ith desoxycorticosterone (ave. 3 cases): 
blood sugar, 86 mgm. per cent ; liA'-er glycogen, 0.83 per cent. After 3| da3'-s’ 
treatment AAdth cortico-adrenal extract (aA>'e. 5 cases): blood sugar, 102 
mgm. per cent; Ityer gl3"cogen, 1.06 per cent. 

In further tests desoxycorticosterone was given in fairty large dosage AAuth 
glucose-saline to adrenalectomized cats AAuth slight insufficiency symptoms 
and the effects compared AA'ith those produced by whole extract. Con- 
siderable difference aa'UI be obseiwed in the results in these tAA'o series 
(table 2). In the 8 -hour expei'imental period under the influence of cortico- 
adi-enal extract, large deposits of gtycogen were formed in the hA'er, heart 
and skeletal muscle, and serum electrotyte and blood-urea leA'^els were 
re.stored to approximate!}' normal. In the case of desox3'corticosterone 
administration, hoAveA'er, even after injecting 20 mgm., the carboh 3 'drate 
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(blood sugar excepted) and electrolyte and urea levels were not far removed 
from those found in adrenal insufficiency. 

In table 3 several pertinent averages are compared. Marked differences 
in the extent of influence of desox 5 Torticosterone and adrenal extract are 
apparent. The acti^^ty of the former single adrenal factor is relatively 
very slight in comparison with that of the Avhole cortico-adrenal complex. 

Rais. Two groups of adrenalectomized rats were also given desoxy- 
corticosterone and glucose, and the results compared with a series treated 
with extract and glucose (table 4). Again, the electrolyte and carbohydrate 

TABLE 2 

Effects of desoxycorticoslerone and whole cor li co-adrenal extract on carbohydrate and 
electrolyte levels in adrenalectomized cats toilh early insufficiency symptoms 
All animals given 1 per cent body weight of 3 per cent glucose in 0.9 per cent NaCl, 
(A) plus desoxycorticosterone (5mgm.) and (B) plus cortico-adrenal e.xtract (10 cc., 
made up to volume with the glucose solution), everj* 2 hours for an S-hour period. 
Samples taken at end of 8 hours. 


CAT KO. 

BLOOD 

GLTCOGEN | 

j SEnC.M EtECTROLTTES 

[ BLOOD 

1 UBEA 

1 


bUUAiC 

! 

Liver 

Sluscle 

Heart 

i K 

Na 

Cl 


(A) Desoxycorticosterone 



mgm. 
per cent 

per cent 

per cent 

per cent 

m.e./t. 

m.e./l. 

m.e./l. 

mgme 
per cent 

40 

97 

0.29 

0.30 

0.32 

7.17 

liil 

112.4 

53 

41 

98 

0.26 

0.28 

0.34 

7.80 

m 


70 

42 

110 

0.19 

0.30 

0.37 

8.11 

137.1 

113. S 

72 

43 

96 


0.35 

0.35 


138. 3 

111.8 

58 

44 


0.22 

0.33 

0.41 

8.13 

136.9 

109.6 

60 









- 


(B) Cortico-adrenal extract 


45 

142 

1.98 

0.58 

0.72 

6.11 

149.9 

119. S 1 

40 

46 

191 

2.01 

0.49 

0.62 

7.01 

150.1 

118.8 1 

46 

47 

160 

1.24 

0.53 

0.67 

6.93 

148.3 

120.3 1 

49 

48 

134 

1.60 

0.58 

0.63 

5.19 

152.3 

120.6 i 

52 

49 

146 

l.SS 

0.49 

0.73 

6.37 

149.5 

118.8 ! 

44 

50 

140 

2.00 

0.57 

0.61 

5.77 

149.7 

110.6 ; 

51 


levels in the extract-treated animals were found to be iiractically normal 
at the end of an S-hour experiment. Readings in the desoxycovlkostcwne 
group were in contra.st not greatly different from those observed in the 
gluco.sc-salinc treated controls. 

Discussion. From mo.st of the recent evidence it appears that de.so.xy- 
eorticosteronc is able to maintain electrolyte balance in casc.s of adreniil 
in.'=ufiiciency, both clinical and experimental. It i.s quastinnable, however, 
whether it influences notably the carbohydrate levels. Animals without 
adrenal gland.s may be kept alive at lea.st for long pei’iod.s on icilatively 
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small doses of the substance, although it has been recommended that 
glucose be added liberallj^ to the diet. 

Shortly after Reichstein prepared the ciystalline material its biological 
potency was shown on dogs and rats; it was recognized as considerabl}’^ 
inferior, however, to corticosterone (Steiger and Reichstein, 1937). In 
several experimental and clinical studies. Thorn and his colleagues (1938- 
40) have emphasized the important influence of desox 5 '^corticosterone. 

Harrison and Harrison (1939) have found that considerable amounts of 
desoxycorticosterone are able to keep up the blood sugar in adrenal- 
ectomized rats. Further, FitzGerald and Verzar (1939) stated that under 
some conditions the substance may keep up liver glycogen in h 3 ''poph 3 ''- 
sectomized animals. Hartman and his colleagues (1940) noted, however, 


TABLE 3 

Average carbohydrate and electrolyte levels in cats under different conditions 


CONDITIONS 

NO. 

OF 

1 i 

BLOOD 

GLYCOGEN 

SERUM ELECTROLYTES 

BLOOD 

CATS 

jfiUctAH 

1 

Liver 

Muscle 

Heart 

K 

Na 

Cl 

! 

UREA 



mgm. 

per 

cent 

per 

cent 

per 

cent 

per 

cent 

■m.e.fl- 

m.e.H, 

m.e.fl- 

mom. 

per 

cent 

Normal, fasting 24 










liniira 

10 

88 

1.22 

0.43 

0.61 

5.20 

155.6 

123.4 

40 

Adrenalectomized, 

showing symptoms, 
untreated 

10 

j 

57 

i 

0.07 

1 

1 

0.21 

0.21 

9.30 

133.0 

109.2 

85 

Adrenalectomized, 

desoxycorticosterone 
treated (table 2) 

5 

100 

0.25 

0.31 

0.36 

7.66 

138.2 

111.6 

63 

Adrenalectomized, 










cortico-adrenal ex- 
tract treated (table 2) 

6 

152 

1.77 

0.54 

0.66 

6.23 

150.0 

119.6 

47 


that while “cortin” gave protection against insulin convulsions in mice, 
desox 3 ’-corticosterone was ineffecth’-e. In agreement are the observations 
of Jensen and Grattan (1940). 

Anderson and Herring (1940) observed that saline solution maintained 
gb’-cogen stores in the adrenalectomized rat equall 3 '' as well as desox 3 '-- 
corticosterone. Recently we have shown (Core 3 '- and Britton, 1941) 
that wliile whole cortico-adrenal extract produces marked glycogenesis 
in the isolated cat liver, desox 3 Torticosterone is quite ineffective. 

It is apparent from the present extended series of experiments that 
desoxycorticosterone occupies a considerabb^ inferior position to whole 
cortico-adrenal extract in the treatment of experimental adrenal in- 
sufficiency. Although some good effects of desoxycorticosterone on the 
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TABLE 4 

The influence of desoxycorlicosterone and cortico-adrcnal extract, on carbohydrate and 
electrolyte levels in adrenalcctomized rats 


Animals maintained on glucose-saline solution for 1 week after operation, and 
treatment given 2 days later. Injections given in all cases at 0, 2, 4 and 6 hours, 
on the basis of 100 grams body weight. Tissues used at 8 hours. 


CONDITIONS 

RAT 

NO. 

BLOOD 

j GLTCOOEN 1 

SERUM 

K 

SERUM 

Na 


Su (.aAR 

Liv-er 

Musdo 

Heart 


Deso.vycorticosterone treated 


5 mgm. plus 5 cc. 3 per cent glucosef 
in 0.9 per cent NaCl per injection.! 


Averages. 


5 mgm. plus 2 cc. 3 per cent glucose 
in 0.9 per cent NaCl per injection. 


Averages. 


1 

2 


3 

4 

5 

6 
7 


tngm. 
per cent 

per cent 

per cent 

per cent 

m.e./l. 

m.e./l. 

190 


Era 

ESI 

7.99 

141.1 

194 

m 

m 

m 

7.99 

139.9 

192 

0.53 

0.37 

0.25 

7.99 

140.5 

97 

0.42 

0.37 

0.29 

7.17 

142.5 

100 

0.57 

0.42 

0.30 

7.77 

140.3 

99 

0.48 

0.44 

0.32 

7.91 

140.7 

106 

0.42 

0.38 

0.42 

8.29 

144.3 

104 

0.49 

0.41 

0.28 

7.49 

138.5 

101 

0.48 



7.73 

141.3 


Cortico-adrcnal e.xtract treated 


5 cc., made up with 3 per cent glu-f 

8 

426 

1.31 

0.61 

0.26 

6.89 

147.3 

cose and 0.9 per cent NaCl perj 

9 

385 

1.29 

0.51 

0.41 

G.17 

149.1 

injection [ 

10 

500 

1.57 

0.56 

0.27 

6.49 

148.3 

-Averages 


437 

1.39 


0.31 

6.52 

148.2 


11 

144 

0.82 


0.36 

6.01 

149.9 


12 

120 


0.49 

0.41 

6.11 

148.1 

2 cc. with glucose-saline as above.. 

13 

112 



0.54 

7.01 

150.1 


14 

112 




G.53 

147.7 


15 

109 



0.44 

5.79 

149.9 

.A.verages 


119 

0.87 

0.55 


6.20 

149.1 

Control animals (adrenalcctomized) 




5 cc. glucose-saline solution as above, 








without hormone (average 2 cases). 


146 

0.26 

0.44 

0.25 

8.08 

135. S 

2 cc. glucose-saline (average 3 cases). 


96 

0.15 

0.30 

0.25 

8.05 

13-1.6 

Normal rats, non-fasting, untreated 








(average 10 cases) 


lOS 

1.41 

0.62 

0.70 

G.32 

141.2 
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earlj’’ sj'^mptoms are observed, thej’- are usually slowly’’ produced over many 
hours; and in severe cases, restoration does not occur. 

It appears hardly likel}’’ that an3’' direct or specific influence on carbo- 
h3’‘drate metabolism is brought about through desoxycorticosterone action, 
the slow changes that are observed probablj'' being explicable on the basis 
of favorable correlated electroljde shifts. No effects on the high blood- 
urea levels are produced Ida' the material, in contrast to the sharp reductions 
which follow extract injection. Desoxycorticosterone appears to exert 
its action chieflj’- and perhaps oni3’- on salt and water balance in the bod3L 


SUMaiARY 

Desoxycorticosterone given to animals (cats) showing earl3'^ symptoms of 
adrenal insufficienc3’’ acts slowl3’' over a period of 6 to 24 hours. It usual^’’ 
but not always effects recoveiy to normal. Animals with severe in- 
sufficiency do not respond to desox3^corticosterone treatment alone. Oral 
treatment is not effective. In contrast, whole cortico-adrenal extract 
restores animals with severe adrenal insufficiency (convulsions, coma) 
in 1 to 6 hours, and oral and other routes of administration are effective. 

In adrenalectomized cats with slight insufficiency, desoxycorticosterone 
restored serum electrobde levels to approximately normal in 16 hours. 
There were still deficiencies in carboh3'-drate levels, however, at this time. 
Under the same conditions, cortico-adrenal extract brought about restitu- 
tion of normal carboh3’'drate and electro^de values. 

Over a period of 31 da3''S, desox3'^corticosterone was able to restore and 
maintain normal carboh3''drate and electrol3’^te levels in adrenalectomized 
cats. Blood sugar and liver gl3’’cogen values in extract-treated cases were, 
however, much higher. 

Adrenalectomized cats with s3-mptoms of insufficienc3'' continued to show 
disturbed glycogen, electrol3de and urea levels after treatment for 8 hours 
with desoxycorticosterone and glucose-saline solution. Blood sugar levels 
alone were normal. Adrenal extract under the same conditions brought 
about complete restitution of normal values. 

Experiments similar to the above made on adrenalectomized rats also 
demonstrated the inabilit3^ of desox3'^corticosterone used with glucose- 
saline to restore normal electrob'^te and carbohydi'ate levels, in an 8 -hour 
period. This was in sharp contrast to the restorative action of cortico- 
adrenal extract. 

The single crystalline adrenal factor, desox3’-corticosterone, given 
routinely in moderate dosage, maintains normal tissue and blood-chemical 
values in adrenalectomized animals. Its action is much inferior to the 
whole cortico-adrenal hormonal complex, however, in restoring animals 
in the crisis of insufficienc3L Desox3’'corticosterone probably has no direct 
influence on carboh3’’drate metabolism. 
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In the crisis of adrenal insufficiency, if whole cortico-adrenal extract 
is not utilized, the advisability of using glucose in conjunction with desoxj*- 
corticosterone is strongly indicated. 
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Important relationships between the adrenal cortex and the post- 
pituitary gland in their influence on body water and electrolytes have been 
shown in several papers published from this laboratory in the past few 
5 *ears (Silvette, 1937, 1938; Silvette and Britton, 1938; Corej’’, Silvette 
and Britton, 1939). That there is a specific hormone of the adrenal 
cortex which acts on the kidney to produce diuresis, antagonizing the 
influence of the post-pituitary antidiuretic factor, has also been indicated 
(Silvette and Britton, 1938). In the present experiments we have con- 
sidered further the hypophyseal factor and more particularly the action of 
desoxycorticosterone on the rat, extending our earlier work with whole 
cortico-adrenal extract used on the opossum. Experiments were carried 
out on normal, hypophysectomized and adrenalectomized rats, using 
desoxycorticosterone, post-pituitary extracts and other substances in 
various series. 

INIethods. Fluid exchanges were determined by the use of individual 
metabolism cages fitted with graduated di-inking tubes; urine was collected 
under toluene in graduated cylinders, and the urinary chloride concen- 
trations determined b 3 '- means of the Volhard titration. Metabolism 
tests were run for 12 -hour periods in all instances with water (or other 
drinking solutions as indicated later) available at all times. Two to 
four daj^s Avere alloAved for “rest” between runs. Fasting periods ivere 
not observed before the metabolism tests, except in a feiv groups, in which 
no significant differences ivere found. Desox 3 ’^corticosterone and post- 
pituitaiy extract ivere injected subcutaneousl 3 ’^, the former in 2 mgm. 
doses cA'eiy 2 hours, and the latter 5 u. initiall 3 " and u. subsequentl 3 " at 
similar intervals. 

Results. Normal Rais. IMore than 100 normal male rats ivere utilized 
in various experiments, preliminaiy to tests of h 3 'poph 3 'sectomized and 

> Grateful acknowledgment is made of aid received in this investigation from 
the Committee on Research in Endocrinology of the National Research Council. 
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adrenalectomized animals. The results of these experiments are sum- 
marized below (table 1 A). 

Desox 3 ’corticosterone injections in the rat allowed onlj’- water to ch*ink 
resulted in a moderate "diabetes insipidus” with chloride retention in all 
animals tested. When desox 3 ’-corticosterone was administered together 
i^dth saline solution the effect on fluid exchange was more definite, al- 
though h 3 ’perchlorm’ia attributable to NaCl intake was now apparent. 

The effects of desoxycorticosterone and post-pituitar 3 ’- extract on urinary 
sodium excretion were tested under similar metabohc conditions in a few 
groups of cases. All the rats were unoperated normals, and the following 
were the results: 

Desox 3 'corticosterone injected: 11 cases; av. urine sodium 0.35 
mgm. per cc. 

Post-pituitary extract injected: 7 cases; av. urine sodium 4.16 mgm. 
per cc. 

Untreated controls: 6 cases; av. urine sodium 1.19 mgm. per cc. 

In some cases in which pitressin was used, the results were somewhat 
similar to those produced b 3 ’- whole post-pituitary extract. 

Hematocrit determinations in those cases in which desox 3 ’-corticosterone 
was injected were in agreement with the effects on water balance. In 7 
animals, the total blood cell volumes fell continuously, although slightly, 
over the 12-hour metabolic period. FoUonfing post-pituitaiy extract 
injection, there were no significant changes observed in the hematocrit 
readings (8 cases). 

Post-pituitaiy extract administration to normal rats resulted in an 
antidiuresis vdth extreme h 3 'perchloruria — an effect du’ectl 3 ' antagonistic 
to that produced b 3 ^ desox3^corticosterone. The presence of NaCl in 
the drinking solution opposed or masked the antidiuretic effect of the 
post-pituitar 3 " principle, and the resultant h 3 ^perchloruria was somewhat 
decreased although still severe. It was clear that desox 3 ’-corticosterone 
and post-pituitaiy extract, when injected into normal male rats, produced 
opposite effects as regards water and electro^de balance. 

l\Tien saline or glucose solutions were used in the drinking tubes the 
changes in fluid exchange were approximatel 3 ’' equal in extent, with pro- 
nounced lyperchloruria in the former case, however, and chloride retention 
in the latter. The combination of the two substances in the drinking 
solutions produced marked increases in water intake and urine output, 
and severe lyperchloruria. Tt should be noted that glucose-solution feed- 
ing produced results essentialh’^ similar to those which followed desoxy- 
corticosterone treatment. 

Jlypophyscclomizcd Rais. Course of diabetes insipidus. In earlier 
studies (Coro 3 ', Silvettc and Britton, 1939) we were particularl 3 ' concerned 
with the phase of acute diabetes insipidus which immediate^' follows 
jiituitary ablation and persists for a few days afterwards. We have 



TABLE 1 

Effects of desoxycorlicoslerone and post-pihdiary extract on flxdd balance in the rat 

vndcr various conditions 


^ 0 , 


AVERAGE 

AVERAGE 

AVERAGE 

OP 

TEEAT^EENT 

•V7ATER 

URINE 

ITRINART 

CASES 


IKTAKE 

OUTPtfT 

CHLORIDE 


A. Normal rats 




cc.llOO 

grams 

weight 

cc.llOO 

grams 

weight 

mgm.Icc. 

37 

Water ad lib. 

1.7 

1.4 

2.80 

15 

0.9 per cent NaCI ad lib. 

4.5 

2.4 

6.44 

8 

2.0 per cent glucose ad lib. 

4.3 

2.7 

1.41 

8 

0.9 per cent NaCl — 2.0 per cent glucose ad lib. 

10.7 

7.4 ! 

1 

7.39 

12 

Desoxycorticosterone; water ad lib. 

2.9 

1.9 

1.50 

10 

Desoxycorticosterone; 0.9 per cent NaCl ad lib. 

7.5 

4.6 

7.34 

10 

Post-pituitary extract ;t water ad lib. 

0.6 

1.1 

16.20 

8 

Post-pituitary extract; 0.9 per cent NaCl ad lib. 

4.3 

3.3 

9.19 

6 

Post-pituitary extract ; 2.0 per cent glucose plus 
0.9 per cent NaCl ad lib. i 

5.0 

4.4 

9.76 


B. H 3 fpophy 8 ectomized rats 


26 

Water ad lib. 

n 

1.9 

2.12 

9 

0.9 per cent NaCl ad lib. 


7.9 

3.58 

12 

2.0 per cent glucose ad lib. 


7.5 

0.51 

6 

0.9 per cent NaCl — 2.0 per cent glucose ad lib. 

12.4 1 

1 

8.0 

1.47 

52 

Desoxycorticosterone; water ad lib. 

5.1 

5.2 

0.38 

6 

Desoxycorticosterone; 0.9 per cent NaCl ad lib. 

10.2 

5.4 

5.38 

10 

Post-pituitary extract; water ad lib. 

0.8 


6.40 

8 

Post-pituitary extract; 0.9 per cent NaCl ad lib.* 

2.0 


6.63 

12 

Desoxycorticosterone — post-pituitary extract; 
water ad lib. 

i 

1.9 

1 


6.09 


C. Adrenalectomized rats 


10 

1 

Water ad lib. 

3.4 

2.1 

3.30 

12 

0.9 per cent NaCl ad lib. 

6.8 

2.5 

9,17 

14 

2.0 per cent glucose ad lib. ' 

10.7 

6.3 * 

1.25 

24 

0.9 per cent NaCl — 2.0 per cent glucose ad lib. 

15.0 

7.4 ; 

7.96 

7 

0.9 per cent NaCl — 5.0 per cent glucose ad lib. 

22.1 

15.0 ! 

7.19 

11 

Desoxycorticosterone; water ad lib. 

7.8 

5.0 

1.11 

13 

Desoxycorticosterone; 0.9 per cent NaCl ad lib. 

16.5 

7.1 

5.04 

6 

Post-pituitary extract; water ad lib. 

0.9 

1.3 

8.25 

11 

Post-pituitary extract; 0.9 per cent NaCl ad lib. 

7.9 

3.6 

10.32 


* Desoxycorticosterone acetate (“Cortate”), generously supplied by the Schering 
Corporation; injected subcutaneously, 2 mgm. every 2 hours. 

t Post-pituitary extract (posterior pituitary solution Squibb), generously supplied 
by E. B. Squibb and Sons; injected subcutaneously, § u. initially and J u. every^ 2 
hours subsequently'. 

In some cases tested, considerably smaller doses given less frequently yielded 
similar results. 
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emphasized in other reports the transitorj* nature of this diabetic condition 
in the rat. As a preliminary to experiments on “chronic” hypoph 3 ’-sectom- 
ized animals, however, we extended our studies to include more protracted 
periods up to 80 da 3 ’'S after operation. The marked diabetic state immedi- 
ate!}^ following operation in the rat is admittedly a transient and unstable 
one, and investigation of the “chronic” condition w'as considered highly 
desirable. 

A study of the averages in our data led to a di\dsion of the post-operative 
diabetic state seen in the hypophysectomized rat into three stages as 
indicated in table 2: 1, a primary acute condition persisting for 3 to 5 
days, in which pol}mria predominated and the water-intake/urine-output 
ratio (W/U) was less than unity; 2, a secondary (but still acute) phase 
of about 3 days’ duration in which an emerging polydipsia became e\ddent 
and during which water intake exceeded urine output, mth an average 
W/U ratio for the period of more than one; and 3, a tertiary “chronic” 
condition of mild diabetes in which the hypophysectomized animals showed 
a slight but constant increased water intake and urine output, vdth a 
W/U ratio almost identical with that of normal controls. 

It was apparent from this extended series of cases that experimental 
diabetes insipidus in the rat is characterized by an immediate and marked 
primary pol}airia; then, usually within 12 to 24 hours after operation, 
polydipsia is observed. These conditions are acute in character, and 
accompanied by reduced urinary chloride concentration. Subsequently 
there appears a change to a type of water balance in which the polydipsia 
predominates. This moderately diabetic condition may persist until death 
of the animal, or at least until an extreme state of inanition is reached. 
The chronic state shows fluid and chloride levels approaching the normal, 
but careful inspection of the values always reveals the persistence of at least 
a slight diabetic condition. 

Desoxycorticosterone and 'post-'piiuitary extract effects on hypophysectomized 
rats. Tests of the effects of injections of desoxycorticosterone Avere made 
repeatedly on a series of 12 hypophysectomized rats, over a period of several 
weeks after operation. The influences on fluid exchange are presented 
graphically in figure 1. It may be noted that in the untreated cases at the 
end of the first post-operative week, water intake and urine output had 
reached levels only slightly above the normal. Injection of deso.xycortico- 
sterone on the 12th and 26th post-operative days resulted in dramatic 
augmentation of the polydipsic and pohuiric condition to levels approxi- 
mating those seen immediately after operation. In repeated tests on the 
32nd and 39th days, definite but somewhat smaller reactions were observed. 
C)n the 62nd day the diabetic response was again evoked by means of 
desoxycorticosterone, the results differing only .slightly from those observed 
on the 30th day. The urinary chlorides in these cases were greatly reduced 
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by desoxycorticosterone, in reciprocal correlation with the marked increases 
in fluid exchange. 

Tifliile it is evident therefore that desoxycorticosterone injection over a 
period of two months or more after hypophysectomy resulted invariably 
in a return towai’d the primarj’’ acute state seen during the first few days 
after operation, it was noted that the responses to the injections became 
successively less in repeated experiments. 

In all, 52 hypophysectomized rats were treated with desoxj’-corticosterone 
at intervals from 12 to 80 da^’^s after operation (table 1 B). The averages 
for all cases, when compared with 26 untreated h 3 ^poph 3 ’^sectomized 
animals, revealed that the injections produced a marked condition of 
diabetes insipidus and an attendant hypocliloruria. Thus, it was found 
that desox 3 '-corticosterone given to hypoph 3 ’^sectomized rats augmented 



D. D. D. P, D. 


Fig. 1. Influence of desoxycorticosterone on water intake, urine output and uri- 
nary chlorides in hypoph 3 ’^sectomized rats at different time periods after operation. 
Injections were given on days marked with arrows (D). Comparison is made with 
unoperated controls. 

fluid intake b 3 '' over 100 per cent and urine output by nearty 200 per cent, 
while it also produced a specific retention of chlorides. Compared with 
normal untreated rats, the pol 3 ’^dipsia and polyuria were calculated as ap- 
proximatety 200 and 250 per cent respectivel 3 \ It should be observed 
that no aggravation of the acute diabetic condition which immediately 
follows h 3 ^poph 3 'sectom 3 ^ could be induced b 3 ’’ desox 3 '-corticosterone ad- 
ministration. 

Further examination of- table 1 B shows that the effects brought about 
through post-pituitaiu'' extract injection ivere direct^'' opposed to those 
produced by desoxycorticosterone. Thus, pituitary extract lirought about 
a marked reduction in water ingestion, a decrease in urine output and a 
striking increase in chloride concentration (10 cases). "Wlien post-pituitar 3 '' 
extract and desox 3 ^corticosterone were administered simultaneously to the 
same animals, it was found that the former substance overwhelmed the 
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action of the latter, in the dosages employed. Hence the end result was a 
slight reduction in fluid exchange, and an increase in urinary chloride con- 
tent almost as great as that seen in rats injected with post-pi tuitaiy extract 
alone. 

Adrenalectomy. The water balance and urinary chloride excretion of 
42 adrenalectomized rats were studied under different conditions from 12 
hours to 18 daj's after operation. Examination of table 1 C shows that the 
urinaiy chlorides were increased post-operativel}’' over untreated normal 
controls, although water intake and urine output were not gi-eatly altered. 

Desoxy corticosterone produced in adrenalectomized rats marked in- 
creases in fluid exchange (water intake and urine secretion), accompanied 
b3’^ severe restriction of chloride output. The conditions observed were 
similar to those which followed desoxycorticosterone administration to 
normal and also to lij'^poph^^sectomized animals described above. The 

TABLE 2 


Course of diabetes insipidus and hypochloruria follounng hypophysectomy in the rat 


PHASE OF DIABETES INSIPIDUS 

NUMBER 
OF CASES 

POST- 

OPERATIVE 

PERIOD 

AVERAGE 

WATER 

INTAKE 

AVERAGE 

URINE 

OUTPUT 

AVERAGE 

URINART 

CHLORIDE 




cc.noo 

ec./lOO 




days 

Qrami 

QTamB 

mgm./ee. 




weight 

weight 


Primary acute 

30 

0- 5 

6.3 

7.1 

0.34 

Secondary acute 

21 

5- 8 

3.6 


1.14 

Tertiary chronic 

26 

8-80 

2.3 


2.12 

Normal controls 

37 


1.7 


2.80 


usual actions of saline and glucose solutions were observed, as in normal 
animals. 

It maj’- be noted that saline solutions did not augment water intake and 
urine output as greatl}'' as did desoxj'^corticosterone, in these cases. The 
chloride-restricting action of the hormone also was not observed when 
NaCl was allowed in the drinldng water. In adrenalectomized rats as 
well as all other cases, one should emphasize, glucose solutions brought 
about results .similar to those produced by desoxycorticosterone, i.e., 
increased fluid intake and urine output and reduced urinaiy chlorides. 

Post-pituitaiy extract effected exchanges in adrenalectomized rats 
similar to those in all other cases tested — water ingested and urine excreted 
were greatl}* reduced, concomitantl.y with increases in chloride concentra- 
tion. Addition of NaCl to the drinking water, however, resulted in reversal 
of the fluid exchanges. Opposite actions of the post-pituitary principle 
and desoxj'corticosterone were apparent in adrenalectomized animals 
as in all other conditions studied. 

The above and other facts arc shown comprehensive^’’ in table 3 here- 
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with. Quotations of changes on a percentage basis, and also in total 
amount of cliloride excreted, give a striking picture of the counteracting 
effects of desox5'Corticosterone and post-pituitary extract under the 
different conditions observed. 

Discussion. In earlier reports (Silvette and Britton, 1938) the proposi- 
tion has been put forward that in the excretion of water and salt by the 
kidney a diuretic hormone of the adrenal cortex acts in physiological 
antagonism to the antidiuretic hormone of the post-pituitary lobe. On 
a' proper balance between the secretor3’^ activities of the adrenal cortex 

TABLE 3 

Differences in fluid balance and chloride oniptil produced by desoxy corticosterone and 

post-pituitary extract 


All animals allowed water ad lib. Calculations made from levels found in un- 
treated animals in each of three groups. 


NO. OF 
CASES 

EXPERIMENTAL CONDITIONS 

1 

■WATER 1 
INTAKE 

1 

■0BINE 

OUTPUT 

URINARY ' 
CHLORIDE 

URINARY 

CHLORIDES 



diff. 

diff. 

diff. 

mgm./lOO 


Unoperatcd: 

per cent 

per cent 

1 

per cent 

j 

gram rat 

34 

Untreated (basals) 




4.13 

12 

Desoxycortioosterone 

4-71 

4-27 

-46 

2.85 

10 

Post-pituitary extract 

-65 

-27 

4-148 

17.82 


Hypophysectomized: 



1 

] 


26 

Untreated (basals) 




4.03 

52 

Desoxycortioosterone 

4-122 

4-174 i 

-80 

1.98 

10 

Post-pituitary extract 

-65 

-n 

4-204 

10.88 


Adrenalectovvized: 


■■ 

■i 


10 . 

Untreated (basals) 



HI 

6.97 

11 

Deso-xycorticosterone 

4-129 



5.55 

6 

Post-pituitary extract 

-74 

mm 


10.72 


and the post-pituitary gland, it is considered, fluid and electroljde balance 
intimatel}’^ depend. Further recent evidence supporting our work and 
proposals has been reidewed by Leiter (1941). 

Much has been said of various disease complexes being due merely to the 
absence of one organ or another. For man^’’ decades diabetes mellitus 
was explained almost whollj’- on the basis of pancreatic disturbance and 
insulin lack; but the involvement of both pituitarj’^ and adrenal glands has 
now been generally acknowledged. “Hj'^pophj’-sists” and “hypothalamists” 
have vigorously discussed for some j-^ears the causative agents in diabetes 
insipidus, and no particular thought has been given to other possible etio- 
logical factors. It must nevertheless be admitted as a possibility that in 
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the case of removal or deficiency of either cortico-adrenal or post-pituitary 
tissues, the resultant fluid and salt disturbances may be explicable on the- 
basis of the (one or other) unleashed or h 3 "peractive and antagonisticall}’^- 
acting gland that may remain. 

Cortico-adrenal extract and desoxycorticosterone have now been ob- 
served to produce a condition much like that of diabetes insipidus. 
Possiblj’-, pqst-pituitaiy extract given in excess maj’’ be found to create a- 
condition similar to that of adrenal insufficiency. The great loss of salt 
and restriction of water exchange produced bj’’ post-pituitarj' preparations 
are at least in agreement irith this idea. 

Besides the production of conditions similar to diabetes insipidus bj'- 
cortico-adrenal principles, it has been shown (Core 3 ’', Silvette and Britton, 
1939) that the d.i. state does not supervene after h 3 ’'poph 3 "sectom 3 " if the 
adrenals are also removed at the same time. With the usual occiu-rence 
of diabetes insipidus on simple removal of the pituitar 3 ’’, there is a suggestion 
of cortico-adrenal influence — the course of water-balance disturbance goes 
hand-in-hand \rith h 3 '-perexcitation (in the first place) and later degenera- 
tion of the adrenal tissues. 

With the above and also our earlier work, the reports of Martin and liis 
associates (1939) and Ragan et al. (1940) are in essential agreement. 
Schweizer et al. (1940) have, however, noted some exceptions. 

SUMMARY 

Under the influence of desox 3 '’corticosterone rats voluntarih* drink more 
water and urine output is enhanced, while urinary chlorides are much re- 
duced in concentration and total amount excreted. The reverse is true 
after post-pituitaiy extract injection — fluid exchanges being greatW re- 
duced and chloride elimination markedW augmented. These conditions 
are seen alike in normal, lypoplysectomized and adrenalectomized animals, 
observed over a 12-hour metabolism period. 

Desox 3 'corticosterone was also found to reduce severel 3 " the output of 
urine sodium, while post-pituitai^’- extract greatb’^ increased its excretion. 

IWien post-pituitar 3 ’' extract and desox 3 'corticosterone were administered 
together, the action of the former substance tended to overwhelm that of 
the latter. 

Hemoconcentration followed desox 3 'corticostcrone injection. 

Glucose given in the drinking water brought about fluid exchanges and 
urinaiy chloride concentrations similar to those produced ly de30X3'- 
corticosterone. Saline solutions given alone produced more marked 
inci'oasx's in fluid intake and urine output than did desox 3 'corticosterone; 
when .^aline was given with desox 3 ’corticosteronc, the salt-restricting 
action of the latter was overcome. Also, when saline solutions wore given 
to drink, post-])ituitaiy extract did not reduce the fluid exchanges. 
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Studies were made chiefl3'’ in the chronic condition after either adrenal- 
ectomy’- or h3q^ophysectom3^ It is shown that the hj'^pophysectomized 
rat (77 cases) passes through three post-operative phases: a primary acute 
condition lasting a few days in which polyuria predominates; a secondary^ 
hut still acute phase in which polydipsia emerges; and a tertiary'^ chronic 
state of mild diabetes insipidus with fluid exchanges always slightly’- above 
those in normal rats and urinaiy chlorides concomitantly subnormal. 
Possibly, altered activity’- of the cortico-adrenal tissues after hy’-pophy’-- 
sectomy', oi' unchecked action of desoxy’-corticosterone, may’^ account for 
the diabetes insipidus condition. 

In a series of chronic hy’pophysectomized rats tested over a period of 
about 80 days, the action of desoxycorticosterone was found to become 
progi'essively less with repeated injections, possibly’- due to tolerance or 
anti-hormone effect. 

It is apparent that the post-pituitary- and cortico-adrenal tissues elab- 
orate principles wliich specifically’^ counteract or antagonize each other 
in their effects on fluid and electrolyte balance. For normal salt and water 
regulation in the body, a balanced relationship between the adrenal and 
pituitary mechanisms is therefore essential. 
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It is generally taught that creatine is not present in the urine of adult 
men apart from such pathological conditions as complete starvation, 
Graves’ disease, and progressive muscle dj^strophj’-. Attempts various 
workers to bring about a creatinuria bj’- feeding high protein diets have 
given conflicting results (Denis and Minot, 1917; Rose et al., 1918; Lewis 
and Doisj’’, 1918; Bollman, 1929-30). Following the demonstration by 
Brand et al. (1929) that feeding glj'^cine to persons with progressive muscle 
dystrophy increased their output of creatine, several investigators fed 
gl 3 ''cine to normal indiidduals (rats and man) (Bodansk}', 1935-36; Beard 
et al., 1931-32, 1939; Borst and Mobius, 1936). Contradictory results 
were again obtained, and the substitution of gelatin, which is 25 per cent 
glj-cine, gave no better agreement (Denis and Minot, 1917). 

In connection with other studies on the influence of a high gelatin diet, 
we followed the excretion of nitrogen, creatinine and creatine in four 
health}’- j’-oung men (20-29 years old) Avho AA^ere engaged onl}’’ in laboratory 
Avork during the course of the investigation. TAventy-four hour urines Avere 
collected for three consecutive da3’S AA'hile on their usual diet. This diet 
Avas then supplemented with 60 grams of ossein gelatin dail}’’, 30 in the morn- 
ing and 30 in the CA’^ening. No precise control Avas exercised OA’^er the diet 
during the gelatin feeding; each man ate as he chose. 

Feeding of gelatin continued for 41 da 3 '^s in the case of 3 subjects and 
for 51 da 3 '^s AAuth the fourth subject, B. C., a colored laboratory helper. 
TAvent 3 ’--four hour urines Avere collected for the first 3 da 3 ’'s of each Aveek 
and excretion studies Avere continued for at least 7 da3’^s folloAving cessation 
of gelatin feeding. AnaL^ses Avere performed immediatel}'. Nitrogen Avas 
determined b}”^ the Kjeldalil method and preformed*creatinine b}’- adding 
alkaline picrate to the fresh urine as described b}’' Folin (1904). For total 
creatinine the sample AA’as autoclaA'ed AA'ith HCl at a temperature of 120° 
for 30 minutes, and to an aliquot alkaline picrate Avas also added. Creatine 
A'alues Avere obtained b}’ difference. All color comparisons ^vel^e made in 
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an Evelj’^n photocolorimeter. The final values for the creatinine equiva- 
lents Avere obtained from a calibration curve prepared from analyses of 
pure creatinine solutions. 

Results. For convenience, the data are presented grapliically (figs. 1 
and 2). The added gelatin was equivalent to the daily feeding of 8.8 gi-ams 
of nitrogen and if its glycine nitrogen were completely converted to creati- 
nine and creatine nitrogen the yield -would be about 6 grams (or according 
to the theory of Beard (1939) the yield would be about 48 grams). The 
nitrogen excretion of all subjects increased gi-eatly, although in two of the 
subjects (B. C. and S. M. H.) the extra nitrogen output was less than in 
the control period when the gelatin nitrogen intake was deducted. Since 
the subjects were not on a constant diet, we do not know whether nitrogen 
was retained or the intake of non-gelatin nitrogen was decreased. The 
excretion of nitrogen in one subject (F. C.) reached 33.5 grams in 24 hours. 
The nitrogen excretion of tlnee subjects had returned to pre-gelatin values 



Fig. 1. The average 24-hour excretions of nitrogen, creatinine, and creatine (ex- 
pressed as creatinine) for four normal men before, during and after a period of 
gelatin ingestion. 


about fom days after discontinuing gelatin and in the fourth subject 
shortly thereafter. (The average values of nitrogen excretion for each 
subject before, during and after the period of gelatin feeding are shoivn 
in fig. 1.) 

Although Light and' Warren (1934) found no creatine in the urine of 
males above the age of 19, each of om* subjects normally had a measurable 
creatine excretion even up to 0.27 gz’am (expressed as creatinine). This 
is in agreement Avith Hobson (1939), aa'Iio recorded creatine excretion in 
96 of 97 males. The influence of extra gelatin on the creatine excretion 
is inconclusive. Tavo subjects had increases. Tliis Avas particularly ap- 
parent in F. C., Avho in one 24-hour period excreted over 0.8 gram of 
creatine (about one-third as much as his creatinine excretion) (fig. 2). In 
these subjects the increases are unmistakable: in one only 2 of 19 and in 
the other 2 of 13 urines contained less creatine than in the control periods. 
HoAvever, the other two subjects had extremely variable excretions, and 
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their average creatine output for the entire period of gelatin ingestion is 
lower than in control periods. After discontinuing gelatin, the average 
creatine excretion was slight^ above pre\dous control levels. The prob- 
ability that some creatine had been stored and Avas being slowlj'^ excreted 
(fig. 2) is indicated by the return of the daily excretions of creatine to pre- 




DAYS 


Fig. 2. The daily variations in the excretion of creatinine and creatine of four 
men before, during, and following the period of gelatin ingestion. (The solid lines 
indicate days during which the determinations were made.) 


gelatin values toward the end of this period. Denis and Minot (1917) were 
unable to obtain creatinuria in two normal males on a high protein diet 
which included 50 grams of gelatin. Lewis and Doisy (1918) and Rose 
et al. (1918) also found no excretion during high protein diets. 

As shown by Folin in 1905 and bj”^ other workers of that period, the 
creatinine output in 24 hours is nearly constant for a healthy person and 
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is uninfluenced by such factors as a high protein, meat free diet. Hobson 
(1939) states that he was unable to find any significant variation in creati- 
nine excretion of subjects when changed from an adequate but high carbo- 
hydrate diet to a low carbohydrate, high protein diet. His mean values 
for creatinine outputs in 11 subjects are 2.139, 2.140 and 2.107 gi'ams while 
on a high carbohj^drate, and the first and fourth days of a low carbohydrate, 
high protein diet, respectiveljL The data presented by us show less regu- 
larity in creatinine excretion. The values of creatinine excretion for the 
four men show an extreme range from minimum to maximum of 0.85 
(1.78-2.63); 0.87 (1.57-2.44); 0.82 (1.68-2.50); 0.85 (1.53-2.38) during the 
entire period of the investigation. 

Utilizing ai’’erage values for creatinine (fig. 1) there is little change in 2 
of 4 subjects in its excretion during the period of gelatin ingestion. One 
of the 4 subjects had a lower average excretion, while another had a 
much higher excretion. Follomng the discontinuance of gelatin,- the 
excretion of creatinine was higher in all subjects than in the control periods. 
Since tliis was also observed in three subjects during the period of gdatin 
feeding, the possibilitj'- of excretion of exogenous creatinine from stored 
creatine cannot be entirely ignored. However, the amount actually 
excreted is small compared to the amount theoretically possible. 

Since one-fourth of gelatin is glycine, it is possible that any physiological 
effects produced by feeding glycine might also be obtained by feeding pro- 
portionally larger amounts of gelatin. In treatment of muscle dystrophies 
gelatin has been found satisfactory bj-- some investigators and unsatisfac- 
tory b}'- others. However, gelatin can be effectually substituted for glycine 
as a detoxifying agent (Griffith, 1934). Denis and Minot (1917) did not 
observe creatinuria in two males fed 50 grams of gelatin daily. Our data 
show that creatinuria is possible when subjects ingest 60 grams of gelatin, 
although it may not necessarily occur to any great extent. This lack of 
uniform effect is also e\'ident in the feeding of gtycine. Borst and Mobius 
(1936) have failed to observe any influence on the urinary creatine and 
creatinine of normal adults given 50 grams of glycme. Zwarenstein (1928) 
also noted no influence (10 grams), while Beard et al. (1939) were able to 
recover slightly more than the theoretical amount of creatine and creatinine 
(16.2 grams) formed from the feeding of 5 grams of glycine. Bodansky 
(1935-36) noted onlj^ an effect on creatine output. 

We were able to verify Hobson’s observation of the presence of creatine 
excretion in normal adult males. These observations are contrary to 
general opinion (Folin, etc.). Furthermore, the daily excretion of creati- 
nine is not as consistent as many investigators have reported, although 
such constancy may be observed in some individuals. As a result, we do 
not believe in the validity of the assumption that creatinine excretion 
can be used as a test of the completeness of a 24-hour urinary output 
(Folin, 1905). 
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SUMMARY 

The addition of 60 grams of gelatin daily to the diet of four males was 
accompanied by an increased excretion of creatine in two of the subjects. 
The average excretion of creatinine was not markedly increased b}^ the 
liigh protein intake. Thei’e was, however, increased excretion of both 
creatinine and creatine in all subjects on cessation of gelatin ingestion 
indicating a possible storage during the previous period of gelatin feeding. 

In contrast to most previous reports all the subjects normally had some 
creatine present in their urine and also showed considerable variation in 
the 24-hour excretions of creatinine. 
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In this paper will be reported recent studies on optimal thiamine re- 
quirements at different levels of environmental temperatures. Previous 
investigations of vitamin requirements have mostly been carried out with- 
out reference to prevaihng temperatures or ease of body heat loss. Such 
disregard of environmental conditions may liave little bearing in studies 
dealing with certain of the vitamins, but for those ha\ung to do with tissue 
combustion processes it seems essential that careful consideration be given 
to the ease of body heat loss prevailing during the period of experimenta- 
tion. Tissue combustion rate in normal animals ilses as body heat loss 
is facilitated and falls as difficulty is experienced; the major part of this 
combustion adaptation takes place during the second and third weeks of 
acclimatization. It would be expected, therefore, that vitamins serving 
as catalysts in any phase of the cellular combustion processes would 
exhibit variation in intake requirement as the combustion rate rises and 
falls with changes in environmental temperatures. 

This we have now found quite sharply true for thiamine. Optimal 
requirement per gram of food is twice as high at 91 °F. as it is at 65°F., 
while a still liigher intake serves to protect against the depressing effects 
of even more excessive heat. With young rats on diets thoroughly ade- 
quate in every way except for tliiamine content, signs of inadequacy 
(lowered food consumption and retarded growth) develop in the hot room 
at dietary thiamine levels which are entirely adequate for animals in the 
cold room. 

Methods and results. Young Wistar male rats were placed in indi- 
vidual cages in rooms previously described (1), one room being maintained 
at 65°F. and the other at 91°F. and about 60 per cent relative humidity. 
Basal diet used was one recommended by Doctor Elvehjem, consisting of 


Sucrose 74 

Casein, Labco vitamin-free 18 

Corn oil 2 


1 The vitamins used in this study were very kindly supplied by Merck & Company, 
Inc. 
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Salts^ 4 

Liver extract^ 2 

Riboflavin 1 mgm. per kilo of food 

Pyridoxine 2 mgm. per kilo of food 

Nicotinic acid 25 mgm. per kilo of food 

Choline 300 mgm. per kilo of food 

Haliver oil 2 drops per rat per week 


TABLE 1 

Food consumplion, weight gain, and growth efficiency on varied thiamine intake in 

heat and cold 



First 

101 

28 

3.6 

98 

31 

3.2 

B 


3.5 

94 

31 

3.0 

107 


3.3 


32 

2.8 

Second — 

85 

15 

5.8 

94 

23 

4.1 

119 

36 

3.3 

122 

43 

2.8 


! 

3.1 

117 

35 

3.3 

Third 

58 

-5 


83 

11 

7.4 

128 


4.3 

132 

iS 

3.7 


: < 

4.0 

127 

34 

3.8 

Fourth 

46 

-16 


75 

1 

74.5 



5.5 

137 

t! 

4.3 

138 

' ! 

4.3 

134 

29 

4.6 

Fifth 

50 



81 

13 

6.4 

141 

25 

5.6 

138 


5.9 


! 

6.4 

138 

24 

5.8 

Sixth 

49 

-12 


78 


11.1 

132 

17 

7.7 

131 

i! 

5.6 

141 

1 

5.7 

11 

19 

6.8 


Hot room, 90-91 °F. and 60-70 per cent relative humidity 


First 

54 

8 

6.7 

55 

13 

4.2 

54 

12 

4.5 

54 

13 

4.2 

64 

17 

3.9 

65 

1^ 

3.3 

Second 

37 

2 

21.3 

46 

s 

6.1 

54 

16 

3.3 

56 

12 

4.6 

71 

25 

2.9 

68 

25 

2.8 

Third 

22 

-2 


35 

3 

12.6 

49 

14 

3.6 

54 

17 

3.3 

85 

m 

2.7 

75 

28 

2.6 

Fourth 

19 

-9 


34 

2 

19.8 

47 

7 

6.4 

56 

14 

4.0 

84 

23 

3.7 

75 


3.8 

Fifth 


-4 


34 

4 

9.7 

48 

11 

4.6 

63 

19 

3.3 

79 


4.0 

76 


3.9 

Sixth 

i 

-3 


36 



48 

1 

5.1 

60 

10 

5.8 

80 

15 

5.4 

71 

14 

5.3 


Note: Food consumption and weight gain data are given only to the nearest whole 
gram. The ratios, grams of food/weight gain, were calculated from the actual 
weighings. 


For a rat diet similar to this, Aimold and Elvehjem (2) found 0.8 to 
1.0 mgm. thiamine per kilo of ration to be adequate. We therefore added 
enough thiamine to different batches of the basal diet to give 0.2, 0.4, 
0.6, 0.8, 1.2 and 1.6 mgm. per kilo of food mixture. These batches of 
diet with graduated thiamine content were now fed to groups of rats in 

* Salt mixture I, as described b 3 ' Philips and Hart (3). 

^ Liver extract used was Wilson Laboratories' fraction D (70 per cent alcohol- 
soluble). 
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the hot and cold rooms, and the weekly food consumption carefully 
estimated. Detailed data on food consumption and weight gain for the 
various groups are set forth in table 1. 

In figure 1 are shown the marked differences in food consumption by 
the hot and cold room rat groups. Increase in food consumption in the 
hot room was almost quantitative!}^ proportional to the graduated increase 
in thiamine content, up to the fifth group with 1.2 mgm. per kilo of food. 
Group 6, with 1.6 mgm. per kilo of food, ate slightly less than did group 5. 




DAYS DAYS 

Fig, 1. Dietary thiamine and food consumption in heat and cold. Milligrams 
thiamine per kilo of food: 1 = 0.2, 2 = 0,4, 3 = 0.6, 4 = 0.8, 5 = 1.2, 6 = 1.6. 

In the cold room onl}"^ groups 1 and 2 exhibited definite thiamine inadequacy 
in their ability to utilize food. No significant differences were manifested 
among the four groups receiving the higher tliiamine amounts. There 
was naturally a small amount of food spillage that did not enter into these 
calculations, but this rarely amounted to more than 1 to 2 grams a week. 

Figure 2 presents the growth curves of these same rat groups and shows 
even more clearly the quantitative response to varying thiamine values 
in diets of otherwise uniform composition. Group 5 gave best growth 
performance at 91°F., with group 6 a close second. At 65°F., best growth 



528 


c. A. anLLS 


was obtained in group 4, with groups 5 and 6 doing consistent^’- less well. 
In the matter of growth efficienc}’- (i.e., grams of food intake required for 
each gram of weight gain), best performance was usually given by group 6 
in the hot room, but in the cold room by group 4. Ever,ytlung considered 
(food consumption, gi'owth rate and growth efficiency), it would seem that 



DAYS DAYS 

Fig. 2. Dietarj' thiamine and growth rates in heat and cold. Milligrams thiamine 
per kilo of food; 1 = 0.2, 2 = 0.4, .3 = 0.6, 4 = 0.8, 5 = 1.2, 6 = 1.6. 

optimal response at 91°F. requires just about twice as high a dietaiy 
content of thiamine as is needed for best response at 65°F. 

Manj^ other workers have described the graduated effect on growth 
rates and food consumption of increasing dietar}’^ thiamine content, but 
no one seems to have discot'cred the part environmental temperature level 
plays in determining thiamine requirements. Waterman and Ammerman 
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(4) failed to find any definite optimum for thiamine intake in rats, for 
their rats continued to show growth improvement with progressive thiamine 
additions up as high as 160 micrograms daily. In our experiments, both 
at 65 and at 91°F., there is shown a rather clear optimum as concerns 
dietaiy thiamine level. 

Optimal response in both heat and cold occurred at approximately'- the 
same actual thiamine intake. This suggests that the higher dietary content 
may be needed to keep up the iDlood and tissue levels at high temperatures 
because food consumption is reduced. Incidental blood ascorbic acid 
determinations, made on rabbits kept in the hot and cold rooms and fed a 
standard diet, gave values only about half as liigh in hot room animals as 
in those kept in the cold. 

Thus, while there may'- well exist a definite relationship between thiamine 
and total non-fat calories of diets used at ordinary laboratory’- temperatures, 
this relationship may’- exist only at higher thiamine levels as difficulty’- in 
body'^ heat loss enforces a sharp lowering of food intake and tissue combus- 
tion. The findings here presented indicate clearly^ the need for higher 
thiamine content in food to be consumed by’^ individuals living under 
difficult conditions of body’- heat loss. Growth and eventual adult size 
in the heat, even at the optimal dietaiy tliiamine level, are alway’^s con- 
siderably below the corresponding levels of development shown in the cold. 
WTiether this is due to some inadequacy- factor other than thiamine at the 
high temperature levels, or simply to the general suppression of tissue 
combustion by difficulty’- in heat loss, cannot y’et be said. 

Figure 3 shows the protective value of still higher thiamine intake at times 
when excessive heat is to be encountered. Four rats on the basal diet 
pre-vdously’^ described, to which had been added 0.8 mgm. of thiamine per 
kilo, -were observed at 91°F. for some -weeks. The room temperature was 
then raised to fiS^F. for about a week, and the two rats (nos. 4 and 9) 
showing most marked growth retardation under this heat now had their 
dietary thiamine doubled. About a month later (67th day’-, fig. 3) these 
same two rats began receiidng 50 micrograms of thiamine orally each day’-, 
in addition to their doubled dietaiy supply, and at this time the room tem- 
perature ivas raised to 95° or 96°F. and the relative humidity^ kept at 60 to 
70 per cent. Figure 3 shows the rapid down-hill course follmved in this 
severe heat by the rats (nos. 10 and 11) receiving only the normal amount of 
dietary’^ thiamine (0.8 mgm per kilo of food). Their food intake was 
reduced to about one-fourth the amount eaten before onset of the severe 
heat. The rats receiving the doubled dietary’- and additional oral thiamine 
on the other hand continued to gain weight in the severe heat; one of them 
continued his previous rate of daily’- food consumption and the other actually 
increased his by’- 20 per cent. 

Rats taken from the 65°F. room and placed directly^ into the 95 to 96°F. 
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heat showed less protection from supplemental tliiamine administration. 
All developed Ityperpjmexia and lost weight sharpl 3 ^ Weight loss was 
less, however, with those receiving supplemental thiamine. 

Discussion. The need for a higher thiamine content of foods in tropical 
warmth, or in temperate zone summer heat, has certain important bearings 
on the problems of human existence. Population masses in regions of 
tropical warmth, although needing a diet higher in thiamine, actually tend 
to consume foods of lower thiamine content. Protein foods (meats, nuts, 
legumes) in general carrj’' a high thiamine content, but the.y tend to be 
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Fig. 3. Thiamine protection against excessive heat 

avoided in tropical warmth because of their greater specific djmamic 
action and liigher cost. Instead, people there use more thiamine-poor 
starchy fraits and tubers. Cereal foods used have usuallj' lost most of 
their thiamine in preparatoiy processing. Apparentl}^ no amount of 
thiamine increase could bring tropical residents up to the metabolic level 
of people living in cooler climate.s, if we are to judge from the rat response 
indicated in figures 1 and 2. Such equality could be attained only b}’’ 
supplementary cooling to properly' facilitate body heat loss for the tropical 
residents. But the findings here reported do indicate that a great ad- 
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vantage would accrue from an adequate tliiamine intake even with dif- 
ficulty in heat loss still persisting. 

On an economic basis, it would probably be found less expensive to ad- 
minister the thiamine directs, in pure form or with some food universallj" 
used, than to seek adequate amounts of it in native foods. • The peanut 
affords one of the cheapest and richest natural food sources. Wheat 
germ and j^east, other rich sources, seem not to be preferred as regular 
dietary constituents. Lean pork is also high in thiamine, but hogs them- 
selves do poorly in tropical warmth and jdeld tough, stringy meat. 

The strong tendency for a tropical distribution of beri beri, or for its 
appearance in more northern oriental latitudes during the months of 
severe monsoon summer heat, is perhaps largel 3 ’- explained bj’- the findings 
here reported. Similar differences in the requirements for others of the 
respiratorj' catalj’sts maj’^ account for the predominance of their associated 
deficiencj'’ syndi’omes in the lower classes of tropical and sub-tropical 
populations. The poorer diets consumed by these people do contribute to 
the production of the deficiencj’- states, but the higher requirement (for 
thiamine, at least) in tropical warmth greatly exacerbates the effects 
of anj’' dietaiy inadequac)’’ that maj’- be present. Since nicotinic acid 
plays a role similar to that of thiamine in cellular combustion, it is quite 
likely that higher dietarj’- concentrations of this catalj^st will also be found 
advantageous for existence in tropical warmth. 

Only bj’^ thorough trial can the protective value of thiamine against 
excessive heat be established for man. Daily administration of supple- 
mental thiamine should make workers in boiler or furnace rooms, or in 
other ty.pes of severe heat exposure, more resistant to the heat effects. 
It should also prove helpful for temperate zone residents who are hj^per- 
sensitive to the heat waves of summer and for those who have developed 
S 3 ''mptoms of heat exhaustion. 


CONCLUSIONS 

Optimal thiamine requirement for rats (per gtam of food or per calorie) 
is found to be twice as high at 91°F as at 65°F emnronmental temperature. 

Protection against the severe effects of excessive heat is afforded by an 
accessor 3 ^ tliiamine intake above the oi’dinary daily need. 

Discussion is offered of the bearing these facts may have in regard to the 
problems of human existence under conditions of depressive heat. 
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Tlu'ough the important studies of Cannon we are well informed about 
the excitation of the s3'’mpathetico-adrenal S3’'stem under conditions of 
emotion. The fact that severe emotional disturbances (fear, terror) 
ma3’^ be accompanied by excitation of certain branches of the pai’as3un- 
pathetic S3’’stem as well as sympathetico-adrenal discharges, was not 
unknown to Cannon, but he assumed that it represented a pathological 
phenomenon in which the reciprocal relationsliip between S 3 Tnpathetic 
and parasympathetic innervation is disturbed rather than the expression of 
a ph3'-siological mechanism characteristic of the emotional process. It 
cannot be doubted on the basis of clinical experience that paras3mipathetic 
discharges may occur even in relativel3’’ mild states of emotional excitement. 
For example, weeping is brought about as a result of parasympathetic 
excitation (Lund). Excited emotion ma3'^ cause increased gastric secretion 
(Wittkower) or ma3’- precipitate a biliaiy colic (Bergmann). Increased 
peristalsis and more frequent urge to urinate are common signs of increased 
paras3’mpathetic activit3’^ during emotional excitement. Startle may pro- 
duce a marked fall in pulse rate (Tomaszewski). These findings seem to 
indicate that the emotional process is characterized b3" discharges affecting 
both branches of the autonomic nervous S3’^stem at the same time. 

The results of electrical stimulation of the h3'^pothalamus also lend sup- 
port to this idea, since in contrast to older observations of Ranson, Rabat 
and Magoun, signs of paras3'’mpathetic excitation ma3' be elicited from the 
whole h3’pothalamic area provided that weak stimuli or stimuli of low 
frequencies are used (Masserman and Haertig; Hare and Geohagan). 
Our own experiences (Carlson, Gellhorn and Darrow) indicate that 1 ) 3 ^- 
pothalamic stimulation ma 3 '^ lead to excitation of the para.S 3 mipathetic 
and the S 3 ^mpathetic, and also to an inhibition of the paras3"mpathetic, 
and that excitation of both S3’-stems ma3'- result from the stimulation of the 

* Preliminarj' report: Science 92: 2S8, 1940. 

" Aided b 3 ' a grant from the John and ]\Iar 3 ' R. IMarkle Foundation and W.P..4. 
Project 3027S. 
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same part of the h 3 "pothalamus. On the basis of these experiments it is 
not impossible that hj’^pothalamic stimulation induced either bj’- electrical 
stimulation or under conditions of emotion can lead to both parasympa- 
thetic and S3'^mpathetic discharges. 

Feldman, Cortell and Gellhorn (1940) were able to show recent^’- that 
chemical stimulation of autonomic centers leads to a simultaneous dis- 
charge over both the S3Tnpathetico-adrenal and the vago-insulin S3'stems. 
It was deemed of interest to investigate whether the processes of sham rage 
as induced by hypothalamic stimulation or of rage and other forms of 
emotion in the waking animal ma3’^ also involve the vago-insulin S3''stem. 

Methods. The experiments which were carried out on cats ma 3 ’ be 
diAuded into three groups. In the first group the animals ivere anesthetized 
with chloralosane (100 mgm./kgm. subcutaneously). The adrenals AA^ere 
removed and the liver denervated in order to eliminate the effect of h 3 ^po- 
thalamic stimulation on part of the S 3 '^mpathetico-adrenal S 3 >'stem. The 
hypothalamus AA’^as stimulated AAutn- faradic currents and a t 3 "pical sham 
rage reaction was produced. The Horsle 3 ^-Clarke apparatus AA^as used 
to place the electrode into the hypothalamus. In order to cA^aluate the 
effect of sham rage on the \>'ago-insulin system, blood samples AV’ere taken 
before and after bilateral A''agotom3’’ at A^arious intervals and analyzed 
for sugar b 3 ’’ the Somog 3 d modification of the Shaeffer-Hartman method. 

In the second group of experiments the spinal cord Avas sectioned at the 
sixth cervical segment and the th3'Toid and parath3’Toid glands AA^ere 
removed under ether. Eighteen hours later the animals Avere lightly 
anesthetized AAuth chloralosane (35 mgm./kgm. intraA^'enously) and the 
hypothalamus AA'as stimulated as in the first group. 

In a tliird group the cervical cord Avas sectioned as in the second group 
and 18 hours later the cat Avas confronted Avith a barking dog in an attempt 
to elicit a rage response. This experiment was repeated after the v^agi 
had been cut subdiaphi-agmatically AAuthout the use of narcosis. 

Another group of experiments AA^as performed on rats AAdiich were divided 
into tlnee groups (normals, adreno-demedullated rats and adreno-de- 
medullated rats AA^hich had been vagotomized beloAA" the diaphragm). 
These rats Avere subjected to ^‘emotional excitement” b 3 '' exposing them to 
the noise of fire-crackers, which has been found to stimulate the S3’mpathet- 
ico-adrenal S 3 ^stem in normal rats (Harris and Ingle). Furthermore, the 
influence of struggle resulting from tying the animals to a board and from 
the application of slight faradic shocks was also studied on the vago-insulin 
S 3 ’'stem (Lumley and Nice). 

Hesults. Figure 1 illustrates two experiments t 3 fpical for the first 
group in Avhich the effect of a hypothalamic stimulation on the blood sugar 
was studied in animals deprived of the adrenals, the th 3 T'oid and para- 
th 3 a-oid glands and in Avhich the liver had been denervated. In the fii'-st 
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experiment (1) the blood sugar was constant at a veiy low level. Stimu- 
lation of the ly’^pothalamus immediately posterior to the mammillary body 
elicited a marked sham rage response Avith arching of the back, extension 
of the forelimbs and an excellent pilomotor response. The blood sugar 
Avas slightly decreased during the half-hour Avhich folloAV'ed the period 
of excitation. Hereafter the Arngi Avere cut and the period of stimulation 
Avas repeated, giAung rise to a response qualitatively and quantitively 
similar to that observed prior to A’-agotomy. But the blood sugar response 
is entirely different. Instead of observing a fall in blood sugar a temporary 



Fig. 1. The effect of hyppthalamic faradic stimulation (indicated by the black 
rectangle) on the blood sugar of cats before and after vagotomy. Vagi were cut at *. 
In the experiments of graphs 1 and 2 the adrenals were removed and the liver dener- 
vated. In graphs 3 and 4the cervical spinal cord of the cats had been sectioned at the 
6th cervical segment 18 hours prior to the experiment. 

Fig. 2. The effect of rage on the blood sugar of cats whose spinal cord had been 
sectioned at the 6th cervical segment before and after vagotomy. 

rise occurred. The second experiment, in Avhich the mammillaiy body 
Avas stimulated, showed no marked alteration in blood sugar follotving the 
sham rage reaction in spite of distinct signs of pilomotor reactions. It is 
found that the blood sugar decreased slightly at first and then shoAved a 
small rise. HoAvever, after the Amgi had been cut the blood sugar rose 
distinctly and for a long time. 

All experiments of this group haA^e one feature in common, i.e., that the 
rise in blood sugar after A'^agotomA’’ is much more marked in these animals 
Avith inactiA^ated adrenals than it is Avhen the A^agi are intact. The nature 
of this blood sugar rise is not full3’’ understood. It is probable that in this 



HYPOTHALAMIC STIMULATION AND VAGO-INSULIN SYSTEM 


535 


gi'oup of experiments sympatliin plays a role. It is also conceivable that 
the liver was not completel}’' denervated in ever 3 ’- instance and that some 
effect of stimulation of S3anpathetic fibers leading to the liver was not 
eliminated. However, this interpretation is not very likety since Britton 
found no or only a very slight influence on gl3’^cogenoi3^sis of the S3’'mpathetic 
fibers innervating the liver under conditions of emotional excitement 
(Cannon) . It seems to us of greater importance to show that the vagotomy 
invariably altered the blood sugar response to h 3 ’^pothalamic stimulation, 
and that the effects indicate that hypothalamic stimulation leading to the 
characteristic S3mdrome of sham rage produces hypoglycemia via the 
vagi which may or may not be overshadowed by the simultaneous liberation 
of sympatliin. 

In the second group the s3’-mpathetico-adrenal system was eliminated by 
sectioning the cord at the sixth cervical level. In addition, the th3a’oid 
and parathyroid glands had been removed. The effects of sham rage on 
the blood sugar were quite similar to the first gi’oup. Graph 3 of figure 1 
shows that stimulation of the lateral hypothalamic area leading to a mild 
sham rage reaction characterized b3>' spreading of the claws and pupillary 
dilatation caused a fall in blood sugar when the vagi were intact. This 
effect was completely reversible. If, however, the stimulation was repeated 
after vagotom3q the onl3’’ effect was a temporary rise in blood sugar. 
Graph 4 represents a similar experiment in which the lateral hypothalamic 
area was stimulated. The blood sugar level was high but remained con- 
stant over many hours. Following the first period of hypothalamic 
stimulation in which the vagi were intact a distinct faU in blood sugar was 
observed. Eight3'^ minutes after the period of stimulation the blood sugar 
had returned to the original level. The experiment was then repeated 
after bilateral vagotom3’’ and led now to a distinct rise in blood sugar. 
Another experiment was also characterized b3'^ a relatively high blood sugar 
level but this level was maintained throughout the experiment quite 
satisfactorily. The electrode was inserted close to the red nucleus. A 
marked rage reaction was observed, with dilatation of the pupil, increased 
respiration, upward movements of the forelimbs and swallowing. The 
stimulation produced a distinct fall in blood .sugar which was reversible 
within 15 minutes. After vagotomy a similar period of stimulation pro- 
ducing a rage reaction closel3’' akin to the reaction observed during the 
first test resulted in a distinct and rever.sible rise in blood sugar. 

All the experiments show convincingl3’^ that hypothalamic stimulation 
leading to the S 3 mdrome of sham rage produces in cordotomized and thy- 
roidectomized animals a fall in blood sugar which is mediated b3^ the vagi. 
After these nerves have been di\’ided, a slight rise results from the hypo- 
thalamic stimulation. 

It seems to be of interest to discuss briefly an apparent exception to this 
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rule. In an experiment in which the animal was prepared as in the last 
group and in which the mammillarj’- peduncle was stimulated, the blood 
sugar fell 34.4 mgm. per cent as a result of hj^jothalamic stimulation. 
Because the animal Avas used for another experiment involving the nic- 
titating membrane, the vagi Avere then cut but the sympathetic, AA’hich can 
easily be separated from the vagi in the cat, Avas left intact. In this 
experiment it was observed that after vagotomy a less but still distinct 
fall in blood sugar (22.6 mgm. per cent) AA^as obser\'-ed. It seems likely in 
the light of the other experiments discussed in this paper, in AA'hich such 
h3^poglycemic effects after transection of the A^ago-sj^mpathetic AA'ere not 
observed, that the “sj^pathetic” may contain some vagal fibers sufficient 
to increase insulin secretion. 

The last group of experiments on cats comprises those experiments Avliich 
Avere performed on cordotomized cats Avithout anesthesia. The animals 
AA'ere confronted AAith a barking dog and in some instances in Avhich they 
did not react satisfactoril}'^ to the dog they were teased for seA’-eral minutes. 
The effect of the rage thus elicited aa’US studied on the blood sugar before 
and after the vagi had been cut beloAv the diaphragm as illustrated in 
figure 2. The upper graph of this figure shoAA’^s a relatively high blood 
sugar level at the beginning of the experiment. The rage reaction induced 
a fall in blood sugar AA'hich AA-as to a large extent reversible. Abdominal 
A'agotomy Avas performed and several hours later a second rage reaction 
Avas ehcited. The effect Avas quite different from that observed in the 
first test since now a marked rise in the blood sugar resulted. The experi- 
ment illustrated in the loAver graph of figure 2 shoAvs onlj^ a slight A'ariation 
in blood sugar after the rage reaction but a marked rise resulted AA'hen the 
experiment was repeated after diAdsion of the A'agi beloAV the diaphragm. 

The experiments seem to shoAV that sham rage produced bj' h 3 ’’pothalamic 
stimulation and rage elicited in the cat b3’’ confronting it AA'ith a barking dog 
result in a ly'-pog^'cemic effect AA'hich is due to excitation of abdominal 
branches of the vagi. This interpretation is strengthened b 3 ’’ the experi- 
ments of Britton and La Barre, aaLo shoAved that stimulation of abdominal 
A'agal fibers leads to h3’pogl3'cemia b3'’ increasing the rate of secretion of 
insulin. 

Rats .subjected to the noise of fire-crackers for three minutes shoAv t 3 'pical 
motor responses suggesting fear. The effect on the autonomic centers is 
similar to that resulting from the injection of metrazol as reported b 3 ' 
Feldman, Cortell and Gellhorn. Normal rats respond to the stimulus 
AA'ith a considerable h3'pergl3'cemia AA'hereas adreno-demedullated rats sIioaa' 
a temporaiy fall in blood sugar aA'eraging 20 mgm. per cent. Fifteen 
minutes later the sugar level has returned to approximately the control 
A'alue. Rats in AA'hich in addition to the demedullation of the adrenals the 
A'agi haA’e been cut below the diaphragm .shoAv a rise in blood sugar of a 
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few inilligrams pex’ cent which in spite of its statistical significance is 
hardly significant physiologically (table 1). 

TABLE 1 


Effect of fear* on blood sugar 



BtooD stra\R (mom. per cent) 

KAT NO. 

Control 

Time after stimulation 


1-5 min. 1 

1 

15-20 min. 

A. Normal rats 


1 

70.9 

96.8 

81.1 

2 

73.1 

97.8 1 

86.0 

3 

74.1 

102.1 

86.0 

4 

73.1 

98.9 

91.3 

5 

75.2 

102.1 

97.8 

6 

70.9 

94.6 

86.0 

Mean 

72.9 

98.7 

88.0 

Standard dev 

1.6 : 

2.8 

5.3 

P 


<0.01 

<0.01 


B. Adrenalectomized rats 


1 

65.5 

43.0 

64.5 

2 

66.6 

40.8 

65.5 

3 

63.4 

51.6 

64.5 

4 

65.5 

43.0 

59.1 

5 

64.5 

49.4 

60.2 

6 

67.7 

46.2 j 

56.9 

Mean ' 

65.5 

45.7 

61.8 

Standard dev 

1.4 

3.8 

3.2 

P i 

1 


<0.01 

0.034 


C. Adrenalectomized-vagotomized rats 


1 

68.8 

68.8 1 

76.3 

2 

65.5 

70.9 

73.1 

3 1 

67.7 

70.9 

77.4 

4 i 

66.6 

69.8 i 

73.1 

5 

66.6 

68.8 

82.7 

6 

68.8 

70.9 

75.2 

Mean 

67.3 


76.3 

Standard dev 

1.2 


3.3 

P 



<0.01 


* The rats were exposed to the noise of fire-crackers for 3 minutes. 


A final series of experiments was conducted on rats which struggled 
because they were tied to a board. The struggle was reinforced by ap- 
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plication of painful stimuli (faradic shock) to the toes. The results re- 
produced in table 2 are similar to those obtained in experiments invohang 
fear reactions. 

In both sets of experiments it was found that rats subjected to emotional 

TABLE 2 


Effect of struggle* on blood sugar 



1 BLOOD SUGAR (MQSI. PER CENT) 

RAT NO. 

Control 

Time after completion of stimulus 


3 min. 

15 min. 

A. Normal rats 


1 

74.1 

95.6 

79.5 

2 

77.4 

97.8 

84.9 

3 

75.2 

99.9 

79.5 

4 

72.0 

89. 2 

75.2 

Mean 

74.7 

95.6 

79.8 

St. dev 

1.9 

4.0 

3.4 

P 


<0.01 

0.044 


B. Adrenalectomized rats 


1 

65.5 

51.6 

64.5 

2 

67.7 

48.3 

60.2 

3 

63.4 

47.3 

64.5 

4 

63.4 

54.8 

58.0 

Mean 

65.0 

50.5 

61.8 

St. dev 

1.8 

2.9 

2.8 

P 


<0.01 

0.104 

C. Adrenalectomized-vagotomized rats 

1 

64.5 

70.2 

74.1 

2 

66.6 

68.8 

70.2 

3 

64.5 

68.8 

68.8 

4 

66.6 

70.2 

68.8 

Mean 

65.6 

69.5 

70.5 

St. dev 

1.1 

0.7 

2.2 

P 


<0.01 

<0.01 

* The rats were tied to : 

a board for 10 min. 




excitement i-eact with a marked hj’pergh’cemia when the adrenals are 
intact and with a conspicuous hypoglj'cemia after demcdullation of the 
adrenals. Since the latter reaction disappears after the additional section- 
ing of the vagi below the diaphragm it is evident that the hj'poglj'cemic 
reaction elicited by emotional excitement in adreno-dcmedullated animals 
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is due to an increase in the rate of insulin secretion brought about by 
central stimulation of the vagus. 

Discussion. The experiments reported in this paper show clearly that 
hypothalamic stimulation leading to the ^ sham rage s3mdrome is ac- 
companied by a fall in blood sugar in animals in which the secretion of 
adrenalin iiy sjonpathetic excitation is eliminated. This fall seems to be 
due to impulses reaching the pancreas via the vagi since the reaction is 
abolished when the vagi are cut and the experiment is repeated with the 
same outward success. The fall in blood sugar is slight and occasionalb" 
absent, but the comparison of the blood sugar reaction obtained in the 
normal and the vagotomized animal invariably indicates a greater hyper- 
glycemic effect of the sham rage reaction in the latter. Since it is well 
known that hypothalamic stimulation (Magoun and collaborators) as 
well as emotional excitation (Bodo and Benaglia; Partington) may lead to 
the contraction of the denervated nictitating membrane in adrenalectom- 
ized animals, it is highl}’’ probable that the rise in blood sugar observed in 
adrenalectomized and vagotomized animals is due to sympathin. The 
fact that these results were obtained in animals with the thyroid and 
parathju'oid removed cleaii.y proves that anj’’ alteration in thju'oid secretion 
is not responsible for changes in the blood sugar level. 

Since the identity of the autonomic changes accompanying sham rage and 
rage reactions may be questioned, it is of great importance to decide 
whether the results obtained in experiments on sham rage are applicable 
to the natural emotional process. The rage reaction elicited in the cat b}'^ 
a barking dog was chosen for the stud}’’ of the autonomic changes in 
emotion. This reaction is known to produce marked sympathetico-adrenal 
discharges (Cannon). \^'lien the effect on the sympathetico-adrenal 
sA^stem had been eliminated by the sectioning of the spinal cord at the 
sixth cerAucal level, it was found that rage produced a hypoglycemic re- 
action mediated by the vagi but such reaction was absent after the vagi 
had been sectioned below the diaphragm. 

This M'ork was confirmed and extended by experiments on rats involving 
struggle and, in angther group, “emotional excitement'’ by exposure to 
loud noises. Since in the rat experiments the sympathin response is 
apparent^ very small, the effect on the vago-insulin system as shown by 
the hypoglycemic response to excitement is still more distinct than in our 
experiments on cats. 

It is interesting to note that the hypoglycemic response to noise of adrenal- 
ectomized rats was observed b}’’ Harris and Ingle. Lumley and Nice 
found in the majorit}’ of their adrenalectomized rats a hypogl3’^cemic 
response to struggle and Britton found the rage reaction to cause a fall in 
blood sugar in adreno-demedullated cats. However, these authors failed 
to see the significance of their findings and did not study the effect of 
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abdominal vagotom}’- wliich disclosed the nature of the hypoglycemic 
reaction. 

Our experiments explain also an apparent paradox observed b}'^ Bodo 
and Benaglia. These authors found that both stimulation of the accel- 
erator nerves and emotional excitement cause a similar contraction of the 
denervated nictitating membrane in cats with inactivated adi’enals. 
However, the blood sugar rose 100 to 200 mgni, per cent in the case of the 
accelerator nerve stimulation whereas in conditions of emotional excitement 
the rise in blood sugar was very slight. On the basis of our experiments it 
must be assumed that emotional excitement caused the liberation of 
insulin as well as sympathin. The effect on the blood sugar is consequently 
less than it is in the case of stimulation of the accelerator nerves although 
the amount of S3unpathin liberated and tested b}’^ the nictitating membrane 
ma}’’ be similar in both instances. 

The experiments show also that various forms of emotional excitement 
(fear, rage) although calling forth different cerebrospinal responses (motor 
patterns) act in a similar manner on tlie vago-insulin and tlie .S 3 ’’mpathetico- 
adrenal systems. 

Cannon has repeatedl}'- emphasized the gi-eat phj^siological significance 
of the increased blood sugar level for conditions of fighting which ac- 
company emotional excitement. If we consider the blood sugar level 
alone, the activation of both vago-insulin and sympathetico-adrenal 
systems might be looked upon as a disadvantageous reaction, since the 
insulin secretion must have a tendency to counteract the rise in blood 
sugar. It must be remembered, however, that the utihzation of glucose 
depends not onlj'- on the blood sugar level but also on the amount of insulin 
present (Soskin). Consequent!}’- a hj’^perglj’^cemic reaction combined with 
increased insulin secretion creates optimal conditions for the utiliza- 
tion of glucose. The vago-insulin and the sj’mpathetico-adrenal s.ystem 
act as sjmergists as far as utilization of glucose is concerned. Tins sj’ner- 
gistic action is made possible by the greater reactiA’ity of the sjmipathetico- 
adrenal system Avhich causes and maintains a hj’-pergb’^cemia in spite of 
the increased secretion of insulin under conditions of emotional excitement. 
It is interesting to note that this relationship is preserved under various 
conditions leading to a central excitation of the autonomic centers, since 
similar results are obtained in anoxia, after metrazol (Feldman, Cortell 
and Gellhorn), and electricallj’- induced convulsions (Kessler and Gellhorn), 
and under the influence of cocaine and bulbocapnine (Feldman, Cortell 
and Gellhorn). 


SUMMARY 

If the effect of central excitation on the adrenal system is eliminated 
(denervation of adrenals, sectioning of the spinal cord), it is found that 
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sham rage produced b}’' faradic excitation of the hypothalamus is ac- 
companied by a fall in blood sugar. Since this effect is abolished by 
subdiaphragmatic vagotomy- it is assumed that the hypogl^’^cemia is a 
result of excitation of the vago-insulin S5^stem. 

The rage reaction causes a fall in blood sugar in cats in which the cervical 
spinal cord has been sectioned. After vagotomy, rage produces in such 
animals a slight h3^pergl3^cemia wliich is probabl}’’ due to the action of 
sj^mpathin. 

Fear and struggle cause hj’-poglj’-cemia in adreno-demedullated rats and 
no change or a slight rise in the blood sugar (sjunpathin) in adi’eno-de- 
medullated-vagotomized rats. Since in normal animals emotional ex- 
citation (fear, rage) and sham rage cause h3^perglycemia it follows that 
emotion as well as sham rage causes a discharge over both vago-insulin 
and s3TOpathetico-adrenal S3'stems with a predominance of the latter. 
The significance of this phenomenon is discussed. 
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It was observed in a previous study (1) that as the rate of secretion of 
gastric juice increases, the output of neutral chloride increases, whereas the 
concentration of neutral chloride diminishes to a limiting value of ap- 
proximately 11 m.eq./l. There are two possible explanations for this 
observation: a, the parietal cell ma}’- secrete neutral chloride, or h, increased 
parietal cell activity may be accompanied by a corresponding increase in 
the secretion of neutral chloride bj^ non-parietal cells. A decision regarding 
the relative importance of these alternative explanations must precede 
the formulation of any theory to account for the variations in the composi- 
tion of gastric juice. 

A study of the behavior of the individual cations wliich compose the 
neutral chloride of gastric juice was accordinglj’- undertaken, since this 
appeared to provide the most direct approach to the problem. In addition 
the possible influence of the rate of secretion on the osmotic pressure of 
gastric juice was investigated. The ultimate purpose of this study was to 
seek an explanation for the variations in the composition of gastric juice. 

Methods. For this study 183 samples of gastric juice were collected 
on two successive days from six dogs with vagotomized pouches of the 
entire stomach, in which a continuous flow of gastric juice was maintained 
by repeated injections of histamine at 10 minute intervals. These sam- 
ples, collected at 20 minute intervals, were pooled at the time of collection 
according to the volume-rate of secretion to form nine pooled samples. 
These were then subjected to chemical analysis and the data thus obtained 
were subjected to a thorough statistical analysis. The details of the 
physiological procedures and the statistical methods are giv'^en in a pre- 
vious paper (1). 

The total acidity was determined by titration using phenolphthalein 
as the indicator. Total chlorides were determined bj'’ '\''olhard titration 
following NajCOs fusion. Neutral chloride was calculated b}’’ difference. 
Calcium and potassium were determined by the methods of Clark and 
Collip (2) and Breh and Gaebler (3) respectively, using neutralized aliquots. 
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Sodium was calculated by subtracting from the neutral chloride the sum 
of the potassium and calcium. Freezing point depressions were measured 
Avith a Beckmann thermometer. 

Results. The results of the chemical anal.yses of the 9 pooled samples 
of gastric juice are presented in table 1. Attempts to detect fattj'- acids in 
these samples were unsuccessful because of theh extremely low concentra- 
tion. This is in contrast to the report of Ling, Liu and Lim (4). 

Relaiio? 2 ships between output a7id 7'ate of secretion. The outputs of total, 
acid, and neutral chloride, K, Na, Ca, and total osmotic units (arbitrarily 
expressed as the product of volume and freezing point depression in degrees 
Centigrade) bear in each case linear relationships to the volume-rate of 
secretion. With the exception of the case of sodium, the correlation coeffi- 
cients are 0.9 or greater, indicating a high degree of correlation, and the 

TABLE 1 


Chemical composition of 9 pooled samples of gastric juice 


VOli./20 MIN. 

Cl 

HCl 

1 

BCl 

Na 

K 

Ca 

OSMOTIC 

pnESSTIHE 

cc. 


m.eq./l. 

m.eq./l. 

m.eq./l. 

m.eq./l. 

m.eq./l. 

“C. 

1 

6.0 


93.5 

61.6 

52.8 

7.4 

1.350 

0.572 

2 

8.0 


110.7 

46.6 

38.4 

7.2 


0.588 

3 

9.7 


121.0 

38.0 

30.0 

7.2 

0.760 

0.591 

•4 12,5 

161.0 

120.0 

41.0 

32.8 

7.4 

0.800 

0.596 

6 15.2 

162.1 

130.4 

31.7 

23.6 

7.4 

0.654 

0.602 

6 18.3 

161.0 

134.0 

27.0 

19.5 

7.0 

0.544 

0.600 

7 21.2 

164.2 

138.0 

26.2 

18.5 

7.2 

0.530 

0.609 

S 24.3 

162.6 

137.0 

25.6 

17.7 

7.4 

0.482 

0.604 

9 29.1 

162.6 i 

142.0 

20.6 

12.8 

7.4 1 

0.400 

0.605 


slopes (b constants) are significantly positive in a statistical sense, indi- 
cating that the outputs increase with the rate of secretion (see table 2). 

Relationships between conccntraiio7i aitd rate of secretion. The concen- 
trations of total, acid, and neutral chloride, Na, Ca, and osmotic pressure 
bear h 3 '^perbolic relationships to the rate of secretion. In cA'^ery case the 
correlation coefficients are greater than 0.9 (see table 3). The hyperbolic 
relationships are direct in the case of total and acid chloride, and osmotic 
pressure, indicating maximal asymptotic IcA^els at rapid rates of secretion. 
Thus, as revealed bj^ the d constants, the maximal concentration of total 
chloride is 165.6 m.eq./l., of acid chloride, 153.1 m.eq./l., and of freezing 
point depression, 0.617 degree C. 

The hj'^perbolic relationships are ini'erse in the case of neutral chloride, 
Na and Ca, indicating asymptotic minimal levels at rapid rates of secretion. 
Thus, as revealed by the d constants, the minimal concentration of neutral 
chloride is 12.5, of Na, 5.1, and of Ca, 0.2 m.eq./l. In the case of sodium 
the figure is not statistical!}^ significant. 
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TABLE 2 


Relationships ietween volume-rate and the outpids of various ions 
{volume-output method) 



Cl 

HCl 

BCl 

K 

Na 

Ca 

AXV 

Correlation coefficients 


0.999 

0.999 

1 

0.928 

0.999 

0.681 

0.919 

0.999 


Volume independent* 


a 

Mi 



-0.001229 

0.2932 

0.006560 

-0.02163 

b 


0.1535 


0.007371 

0.004132 

0.0001977 

0.6139 

<n> 

0.000880 

0.00142 

0.00175 

0.000118 

0.00168 

0.0000321 

0.00328 

Sx 

0.0172 

0.0277 

0.0341 

0.00231 

0.0328 

0.000626 

0.00640 


Volume dependentf 


a' 

0.3336 


-23.13 


-24.28 

-25.51 


b' 

6.0590 

6.5780 

80.73 

mi 

112.15 

4269.55 

1.6285 

<n,' 

0.0324 

0.0610 

12.29 

2.17 

45.62 

693.3 

0.00871 

Sv 

0.104 

0.181 

2.76 

0.313 

5.40 

2.91 

1 

0.104 

1 


* The regression of Cl, HCl, BCl, K, Na, Ca, and A (designated by X) on volume- 
rate (V) has the following form: 

X = a -f bV 


The standard error of estimate of X is denoted by Sx and the standard error of b, 
the slope of the line, by ot,. 

t The regression of V on X is given by V = a' b'X and the standard errors of 
estimate are designated similarly to the above. 

TABLE 3 


Relationship between volume-rate and concentration of various ions 
{volume-concentration method) 

Volume independent* 



[Cl] 

[HCl] 

(BCIJ j 

[Na] 

[Cal 

A 

Correlation index 


0.955 

0.987 

0.978 

0.978 

0.979 

0.945 

c 


-349.36 

286.38 

278.91 

6.509 

mmi 

d 


153.05 

12.52 

5.093 

0.1999 


1 

o-d 

0.72 

1.93 

2.06 

2.01 

0.0470 

0.00286 

S{X1 j 

0.88 

2.36 

2.52 

2.46 

0.0575 

! 0.00350 


* The hyperbolic regression of [Cl], [HCl], [BCl], [Na], [Ca], and A (designated by 
[X]) on V, is given by: 


[X] = =1 4- d. 

In contrast to the above, the concentration of K remains constant at 
an average level of 7.4 m.eq./l., in spite of wide fluctuations in the rate 
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of secretion and in the acidit 3 ’-. This unique constancj’’ of the K ion 
has been noted bj’- others, not onij’- in gastric juice (5, 6, 7, 8), but in 
saliva (9, 10). 

The sy^stematic variation in osmotic pressure was somewhat unexpected, 
since both mucous secretion (11) and highlj’- acid gastric juice (12) have 
been reported to be isotonic. In order to investigate this phenomenon 
fm'ther, we determined the osmotic pressure of a, basal gastric secretion 
which failed to turn litmus paper red; b, shghtty acid gastric juice secreted 
slowly in response to minimal doses of histamine, and c, highlj^ acid juice 
secreted rapidly in response to large doses of histamine. As shown in 
table 4, the non-acid samples had fairlj^ liigh osmotic pressures (average 
0.597), whereas the faintty acid samples had lower (0.575) and the highly 
acid samples higher (0.610) osmotic pressures. The simplest explanation 
for these observations is that the interaction of the bicarbonate of the 
isotonic mucous secretion with the acid of the isotonic acid secretion 


TABLE 4 

Relationship between osmotic pressure and rate of secretion 



KON-ACID 1 

i SUOHTLT ACID 

1 HIGHDT ACID 

DOG 








cc. 

A 

CO./20 min. 

A 

CO./20 min. 

A 

1 

28.3 

0.580 

3.2 

0.570 

15.8 

0.620 

2 

15.5 

0.590 

3.1 

0.580 

9.8 

0.590 

3 

45.4 

0.600 

5.0 

0.570 

27.6 

0.610 

4 

9.8 

0.618 

3.7 

0.580 

21.4 

0.630 

Average 

0.597 

CO 

0.575 

18.7 

0.612 


releases CO2, which correspondingly reduces the osmotic pressure of the 
mixture. 

Another striking characteristic of the behavior of the osmotic pressure 
is its close resemblance to that of the total chloride; in fact, when equiva- 
lent scales are used, the osmotic pressure h 3 "perbola may be superimposed 
upon the total chloride h 3 ’'perbola. This indicates that chloride is the 
only anion which contributes significantly to the osmotic pressure of acid 
gastric juice. This fact has been commented upon before in the case of 
highl 3 ’^ acid gastric juice (12). 

Relatiomhips 'between conceniralions of various ions. Since the mucous, 
or non-parietal secretions, are isotonic, theii' concentration of total base 
must also be isotonic. A calculation, therefore, of the concentration of 
other ions corresponding to an isotonic concentration of total base (neutral 
chloride) would reveal the composition of the non-parietal secretion. Ac- 
cordingly the relationships between neutral chloride and the other ions 
were determined. The relationships are in each case linear, with very 
high correlation coefficients (table 5). The relationship is direct in the 
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case of Na and Ca, and inverse in the case of total chloride and acid 
chloride. 

Why does the neutral chloride output increase with the secretory rate? The 
behavior of K in gastric juice is unique in that its concentration remains 
constant. This can only mean that it is secreted all the cells of the 
gastric glands and in the same concentration bj*^ each, namelj', 7.4 m.eq./l!; 
if this were not the case, variations in the proportion of parietal secretion 
in gastric juice would be reflected as changes in K concentration. The 
increase in the output of potassium which accompanies an increase in the 
rate of secretion onl}’ partiall3' explains, however, the behavior of the 


TABLE 5 

Relationships between concentration of total base and concentration of other ions 
{concentration-concentration method) 


[Cl) 


IHCl) 


[Ca] 


[Na] 


Correlation coefficient 



-0.805 

-0.991 

0.996 

0.999 



BCl independent 

♦ 


a 


167.42 

-0.08064 

-7.0462 

b 


-1.194 

0.02262 

0.9726 

o-b 


0.0627 

0.000737 

0.00520 

S[X] 

1.52 

2.02 

0.0238 

0.0168 


BCl dependentt 


a' 

564.01 

138.18 

3.800 

7.250 

b' 

-3.293 

-0.8214 

43.887 

1.0280 

(Tb 

0.917 

0.0431 

1.43 

0.00550 

S(BCl) 

6.22 

1.68 

1.05 

0.172 


* The regression equation has the form [X] = a + b[BCl], where [X] denotes [Cl], 
[HCl], [Ca], or [Na], and other symbols are used as in previous tables. 

t The regression equation with [BCl] as the dependent variable has the form 
[BCl] = a' + b'[X]. 


neutral chloride fraction; the outputs of Xa and Ca also apparenth' 
increase. Since their concentrations do not remain constant, two possible 
explanations are available; a, the3’' are secreted in ver3'^ low concentrations 
(6.0 and 0.21 m.eq./l. re.spectivel30 63’’ the parietal cell, or b, increased 
parietal cell activit3'’ is accompanied 63' a slight increase in the activit3' 
of non-parietal cells, which alone secrete Xa and Ca. The latter explana- 
tion is preferred, since the increase in the Xa output is questionable from 
a statistical standpoint and that of the calcium is questionable from an 
anahTical standpoint. 

It is veiA’ possible that the beha\ior of X'a and Ca would be lass ambigu- 
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ous if gastric juice were collected during sham-feeding, wiiich stimulates 
non-parietal cells more effectively than histamine. 

What is the convposiiion of the parietal secretion? By somewhat different 
processes of reasoning, Liu et al. (13) and Hollander (14) both concluded 
that the acidity of the parietal secretion is equal to the maximal total 
chloride concentration of gastric juice. This conclusion is no longer 
acceptable in view of the demonstration discussed above, that the parietal 
cell must secrete neutral chloride in the form of a potassium salt. 

The first step in predicting the composition of the parietal secretion is 
to determine the composition of gastric juice which consists as nearly as 
possible of parietal component only. This condition is met when the 
juice is being secreted at its maximal rate and at its highest acidity. In 

TABLE 6 


Limiting values for concentration of ions in gastric juice 


ION 

AliKAIiTNE SECRETION 

MOST ACID SECRETION 

Conc.-conc. method 

Vol.-cono. 

method 

Ave. 

Vol.-output 

method 

Vol.- 

cone. 

method 

Ave. 

BCl ind. 

BCl dep. 

Vol. ind. 

Vol. dep. 

Cl- 

134.8 

120.9* 

131.8 

133.3 

164.9 

165.0 

165.6 

165.2 

H+ 

-30.9 

-33.9 

-34.2 

-33.0 

153.5 


153.1 

152.9 

BCl 

134.8 

120.9* 

131.8 

133.3 

11.5 

12.4 

12.5 

12.1 

B+ 

166. Ot 

166. Of 

166.0t 

166. Of 

11.5 

12.4 

12.5 

12.1 

Na+ 

154.4 

154.4 

154.6 

154.5 

4.1 

8.9 

5.1 

6.0 

K+ 




7.4 

7.4 

7.4 

7.3 

7.4 

Ca++ 

3,67 

3.70 

3.69 

3.69 

0.20 


0.20 

0.21 

HC07 

30.9 

33.9 

34.2 

33.0 





A 

0.615t 

0.615t 

0.615t 

0.615t 






* Value not included in average, 
t Value assumed to make secretion isotonic. 


table 6 the limiting values for the various ions corresponding to an infinite 
rate of secretion are presented. These figures must be modified, however, 
for we have concluded that the small amounts of Na and Ca which are 
present in the most acid juice have been contributed by non-parietal cells. 
After taking this factor into consideration, the composition of parietal 
secretion, as summarized in table 7, is estimated to be 166 m.eq./l. of Cl, 
7.4 of K, and the difference, 158.6, of hydrogen ion. 

What is the composition of the non-parietal secretion? Since it has not 
been possible in the present investigation to differentiate the secretory'’ 
products of the peptic, mucous chief cells, and the surface epithelium, the 
term non-parietal secretion is used to refer collectively to their contribution 
to gastric juice. 
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In regard to K, it has alread}'- been shown that it must be secreted bj" 
the non-parietal cells in a concentration of 7.4 m.eq./l. In regard to the 
other ions a less direct method of estimation must be emplo 3 '^ed. It has 
been demonstrated that the non-parietal secretion is isotonic, and hence 
its concentration of total base must be isotonic, nameh^, 166 m.eq./I. 
From the equations which relate the concentration of neutral chloride 
(or total base) to the concentrations of Na, Ca, total, and acid chloride, 
one can calculate the concentration of the latter ions wliich correspond to 
166 m.eq./l. of total base. The results of such calculations are presented 
in table 6. It should be noted that the acidit}’^ is found to be a negative 
value, indicating an acid deficit, which has also been entered in the table 
as bicarbonate. 

An analogous calculation can be made from the hj'^perbolic equations 
relating the rate of secretion to the concentrations of the various ions. 
From the neutral chloride (or total base) ‘equation one can derive that a 


TABLE 7 

Estimated corn-position of parietal and non-parietal secretions 




ANIONS 



CATIONS 



OS- 

SECRETION 

Chloride 

HCOj 

Total 

H 

Na 

K 

Ca 

Total 

Monc 

PRES- 

SURE 


Total 

Neutral 

Parietal 

166 

7.4 

0.0 

166 

158.6 

■ 

i 

0.0 

166 

1 

Non-parietal 

133 

133 

33 

166 

0.0 


ra 

3.7 

165.6 

m 


total base concentration of 166 ra.eq./l. corresponds to a volume rate of 

l. 68 cc. per 20 minutes. In the other equations this volume-rate corre- 
sponds to the concentration of the other ions in the non-parietal secretion. 
The results of such calculations are also shown in table 6. The agreement 
is reasonably close between the estimates obtained by the two methods of 
calculation. 

The values for the bicarbonate ion were determined as acid deficit. 
The values can be supported, however, bj*^ other evidence. Chloride and 
bicarbonate ions make up nearlj’" the entire anion content of alkaline gastric 
juice; hence the total base of 166 minus the chloride of 134.8, gives 31.2 

m. eq./l. for the bicarbonate fraction, a reasonable check. Furthermore, 
since the osmotic pressure so closely follows the total chloride concentra- 
tion, the fall in osmotic pressure which accompanies the mixing of parietal 
with non-parietal secretion is exactly predictable on the basis of CO 2 
evolution. 

The averaged values which represent the estimated composition of the 
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lion-parietal secretion are presented in table 7. These values are within 
the ranges reported by other investigators who used other methods (see 
Hollander, 15). 

Discussion. Whai is the explanation j or the variations in the composition 
of gastric juice? If gastric juice is a mixture of two components, the 
parietal and the non-parietal, then the composition of gastric juice can 
VELvy only ivithin the limits set by the composition of these two components. 
Under conditions where there is no parietal cell activity, the gastric juice 
will take on the composition of the non-parietal secretion; when parietal 
cell actiint}’ gi'eatly predominates, the juice will approach the composition 
of the parietal secretion. 

As a result of the present analysis of gastric juice secreted in response to 
histamine, it can be said that the non-parietal component remains rela- 
tively constant in its rate of secretion. In the particular dogs used, the 
rate averaged 1.68 cc. per twenty minutes. It may increase verj'- slightl}’- 
under the influence of histamine, and would very likely increase significantly 
under the influence of sham-feeding or the ingestion of a meal. The rate 
of secretion of the parietal component, on the other hand, depends upon 
the strength of the stimulus. In the particular dogs used, the maximal 
rate attained was approximate!}'- 26 cc. per 20 minutes. Since the com- 
position of gastric juice depends upon the relative proportions of its two 
components, and since one of these components is small in quantity and 
constant in its rate of secretion, whereas the other varies widely, it must 
be concluded that the coi7iposition of gastric juice is a function of its rate 
of secretion. 

It should be pointed out that this principle does not demand that all 
samples of gastric juice of a given volume-rate have identical composition. 
Obviously, different individuals, or the same indi^ddual at different times 
may exhibit differential rates of secretion of the two components so that 
the proportion in a given total volume need not be always the same. 
Nevertheless, even in these cases the composition of the juice ivill be a 
function of its rate of secretion. The only exceptions to this generalization 
would be o, when a secretory stimulus is equally effective in activating the 
two component secretions, or 6, when only one of the two components 
can be formed b}’^ the gastric glands. 

An apparent inconsistency with this generalization is the observation 
that at equal rates of secretion the acidity is usually lower during the 
ascending than during the descending portion of a secretory curve obtained 
following the injection of histamine. This is probably related to the fact 
that the meagre and viscous non-parietal secretion tends to accumulate 
in the lumen of the stomach and its glands and is “washed out” in excess 
during the first portion of the response to histamine. This complicating 
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factor was, of course, avoided in the present investigation by collecting a- 
continuous secretion, and then only after the first hour’s samples had 
been discarded. 


CONCLUSIONS 

1. The outputs of HCl, Cl, BCl, K, Na, and Ca by the gastric glands 
increase vdth the rate of secretion in linear fashion, but at different rates. 

2. The concentrations in gastric juice of BCl, Na, and Ca decrease, and 
the concentrations of Cl, HCl, and the osmotic pressm’e increase vdth the 
rate of secretion in hyperbolic fashion, but at different rates. 

3. The concentration of K remains uniquely constant in gastric juice. 

4. From these observations it has been possible to show that the parietal 
cell secretion consists of 166 m.eq./l. of Cl, 7.4 of K, 158.6 of hjdrogen ion, 
and that the non-parietal secretions consist of 133.3 m.eq./l. of Cl, 33.0 
of HCO3, 154.5 of Na, 7.4 of K, and 3.7 of Ca. 

5. The composition of gastric juice can vary onlj’- between the limits 
set by its two main components, the parietal and the non-parietal. Since 
the non-parietal component is secreted at a very slow and practically 
constant rate, whereas the parietal component is secreted at rates which 
varj’’ widely vath the dosage of histamine, it is concluded that the composi- 
tion of gastric juice is a function of its rate of secretion. 
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Lesions in the ventral jiortion of the hypothalamus of the female guinea 
pig may bring about disturbances of the reproductive cycle (Dey, Fisher. 
Berry and Ranson, 1940; Dey, 1941). In addition to the ovarian dis- 
lurbance.s which occur in some animals, all animals of the group showed a 
complete absence of mating behavior and eopulatoiy reflexes. Subsequent 
studies have suggested that the interference with eopulatoiy behavior is 
not secondary to ovarian or anterior pituitary hormonal imbalances, but 
is the result of the destruction of elements of the central nervous system 
which are necessary to the integration of the behavior pattern (Brooldiart, 
Dey and Ranson, 1940; Brookhart, Dey and Ranson, in press). It is the 
purpose of this communication to make a report of the effects of similar 
lesions in the hypothalamus upon the mating behavior of male guinea pigs. 

Nine male guinea pigs weighing between 600 and 800 grams were used 
in this experiment. The lesions were placed in the hypothalamus by 
means of the Horsley-Clarke instrument bearing a unipolar electrode. 
In 4 of the animals the lesions had previously been placed b.y Dr. R. Gaupp 
in the course of studies on diabetes insipidus and no data on the preopera- 
tivc sexual behavior are available. The preoiicrative sexual behavior 
of tlio remaining 5 animals was observed by placing tliem singl}” in cages 
with one or more spayed females in induced estrus, and was seen to be 
normal. Similar behavior tests were made on oacli animal 2 to 4 weeks 
postoperatively, cacli animal being given 3 or more observation periods 
of at least an hour in duration. In order to obviate tlio possibility that 
an.y deficiency in sexual behavior was due to the strangene.ss of the sur- 
roundings or lack of sexual experience, each of the operated males was 
placed in a cage with three normal females for a sufficient length of time 
to allow all of the females to go through two sexual cycles. The presence 
or lack of jrregnancy at the end of the period was regarded as an indica- 
tion of the sexual potency of the males. 

* Aided by grants from tlie Rockefeller Foundation and from the Committee for 
Research in Problems of Sex, National Research Council. 

651 



552 


J. .M. BROOKHART AR^D F. L. DEY 


At the end of the experimental period, wliich lasted 6 niontlis, each of 
the animals was subjected to the Batelli (1922) electrical ejaculation test, 
and the ejaculate was examined for sperm. At the time of sacrifice, smears 
of the epididjunides were examined for motile sperm. Portions of the 
testes and seminal vesicles were fixed, sectioned and stained with hematox- 
ylin and eosin. The hypothalami were fixed and sectioned, and alternate 
sections were stained vuth cres3d \uolet and Weil stains. 

When a normal male guinea pig is placed with receptive females, he- 
begins an immediate round of investigation accompanied b}'’ purring, 
treading, ruffling of the hah on the back of the neck and .shoulders, dilata- 
tion of the para-anal pouches, and sniffing of the genitalia of the female. 
A short period of this courtship activity appears to be necessar}’- for the full 


TABLE 1 


BER 

ACTrvrrr tests 

8EMEK 

sperma- 

tozoa 

TESTES 

SEMINAE 

VESICLES 

ES- 

TROES 

PE- 

RIODS 

PREG- 

NAN- 

CIES 

1* 

No activity 

Scanty 

Normal 

Normal 

Normal 

6 

0 

2* 

No activity 

Normal 

Normal 

Normal 

Normal 

6 

0 

5 

No activity 

Normal 

Normal 

Normal 

Normal 

5. 

2 

6 

No activity 

Normal 

Normal 

Normal 

Normal 

6 

0 

7 

Treading, purring and 
sniffing only 

Normal 

Normal 

Normal 

Normal 

5 

1 

8 

Few mild mountings 

Normal 

Normal 

Normal 

Normal 

6 

0 

9 

Few mild mountings 

Normal 

Normal 

Normal 

I Normal 

6 

i « 


Total number of estrous periods — 40. Pregnancies — 3 


3 * 

Normal behavior 

Normal 

1 Normal 

Normal 

Normal 

1 

5 

2 

4* 

Normal behavior 





5 

2 


Total number of estrous periods — 10. Pregnancies — 4 


* Animals operated by Doctor Gaupp. No preoperative data. 

development of sexual excitement. The act of sniffing and rubbing the 
hair on the back of the female in the wrong direction finallj’’ culminates in 
mounting and copulatorj’- thrusts. 

The results of the various observations on the operated males are sum- 
marized in table 1. In 2 of the animals which were not operated bj’’ us, 
copulatoiy behavior was normal. Three of the animals exhibited court- 
ship behavior of vaiying degrees of intensity, one failing to mount while 
the other two mounted a few times but executed no copulatoiy movements. 
The remaining 4 animals showed absolutely no interest in the estriial fe- 
males with which the}' were placed. 

Each of the males was caged with 3 normal females throughout the 
period of 2 full cycles. Depending on whether or not they impregnated 
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one of the females during the first cj^cle, each male was with females tlnough 
5 or 6 estrous periods and thus had 5 or 6 opportunities to cause pregnancy. 
Out of a total of 50 opportunities which -were offered the 9 males only 7 
pregnancies resulted, and no seminal remnants were noted on the genitalia, 
of anj'’ of the females wliieh did not become pregnant. The 2 males which 
show'ed normal behavior in the preliminary tests accounted for 4 of the- 
pregnancies, impregnation occurring in 4 out of a total of 10 estrous periods. 
One of the animals which showed mild courtship behavior had 5 oppor- 
tunities and only impregnated one of the females in his cage. The re- 
maioing 2 pregnancies occurred in the case of one of the animals whicli 
previously had shown no interest in the females. The remaining 5 animals 
failed to impregnate any of the females in then cages. Thus, the animals 
which showed reduced sexual activity while under observation produced 
only 3 pregnancies out of a total of 40 opportunities. 

In all cases but one, the semen which was obtained upon electrical 
ejaculation was normal in volume and coagulated almost immediately 
after ejaculation. The seminal vesicles of the one animal which delivered 
onty a scanty amount of semen were seen to be distended with secretion 
when the animal was autopsied immediately after the attempted ejacula- 
tion, The seminal and epididymal smears showed numerous motile sperm 
in all cases. Microscopic examination of the testes indicated active 
spermatogenesis and lack of atrophj’- in the seminiferous tubules. The 
interstitial tissue was normal in all animals. The seminal vesicle epithe- 
lium was high, and negative Golgi images distal to the nuclei w^ere evident 
in all cases. 

With the exceptions of animals 3 and 4, the lesions were similar in loca- 
tion to those aheady described for the sterile female animals (Dey, 1941). 
The lesions occurred bilaterally near the ventral border of the hypothal- 
amus between the optic cliiasma and the stalk of the pituitary. In the two 
exceptions which showed normal sexual activity the lesions were similarly 
located. However, the lesion in one of the animals was unilaterally placed, 
wliile that of the other involved only the most superficial portions of the 
basal surface of the hypothalamus. No significant differences could be 
noted between the lesions of animals 5 and 7 and the animals wliich failed 
to impregnate any of the females in their cages. 

The proximity of the lesions in these animals to the anterior pituitary 
raises the possibility that the reduced sexual behavior was a result of 
altered anterior pituitary function. However, the immediate postopera- 
tive reduction in sexual activity which has been observed argues agamst 
the possibility that such a reduction is the result of a lack of testicular 
hormone, since postpubertal castration causes only a gradual reduction 
in sexual drive (Ball, 1937; Stone, 1939). In addition, the condition of 
the seminal vesicle epithelium, the motility of the sperm, and the produc- 
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tion of a copious coagulable ejaculate in these animals may be taken as 
an indication of a continued production of the testicular hormone (Moore, 
1928; Moore and Gallagher, 1930; Moore, Hughes and Gallagher, 1930). 
The continuation of acti-\’e spermatogenesis, the lack of atrophy of the 
seminiferous tubules, and the continued secretion of testicular hormone, 
in turn, point to a continuation of normal gonadotropic function on the 
part of the anterior pituitaiy. It is therefore suggested that the behaAnoral 
deficiency in these animals is the result of destruction of elements of the 
central nervous system rather than gonadotropic or androgenic hormonal 
imbalance. 


SUMMARY 

Lesions which are properl}'- placed in the h3'-pothalamus may abolish 
or greatly reduce sexual activity of male guinea pigs. This decrease in 
activity is manifested b.y a lack of interest in estrous females and by the 
failure of operated males, vdth a few exceptions, to impregnate normal 
estrous females. 

The continuation of acti^'e spermatogenesis, and the normal maintenance 
of the seminiferous tubules and of'd;he seminal vesicles indicate normal 
gonadotropic function on the part of the hypophj'sis. It is therefore 
suggested that the behavioral deficienc}’- is the result of a destruction of 
elements of the central nervous system which are necessary for the mating 
reactions. 
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In a previous publication (1) we described a technique for the rapid, 
production of an uncomplicated riboflavin deficiency in the dog. The 
present paper records the results of studies made to define more accurately 
the riboflavin requirement of the growing dog. In addition, the results of’ 
1, blood riboflavin determinations; S, riboflavin “saturation” tests, and 
3, blood chemistry studies during various stages of riboflavin deficiency 
are reported. 

Methods. Care of dogs. Mongrel pups (litter mates), recently weaned, 
were fed milk for 2 weeks and then placed on the basal ration previously, 
described (1).® The ration was supplied ad Uhitum. Daily food consumpr 
tion records were kept for each dog and the riboflavin supplement, calcu- 
lated on the basis of the amount of ration consumed the previous day, 
was given daily by pipette. The riboflavin was administered as an aqueous 
solution containing 1 00 micrograms per ml . The dogs were weighed weeldy 
except during critical periods when daily weighings were instituted. 

Blood riboflavin determinations. The blood riboflavin analyses were car- 
ried out by a microbiological method involving the use of L. casei (3, 4). 
The blood obtained by venepuncture with oxalate as the anticoagulant 
was hemolyzed in distilled water and levels equivalent to 0.2 and 0.3 ml. 
of whole blood per assay tube were used. Duplicates were run at each level. 

Urinary riboflavin determinations. The dogs were placed in wire-bottom 
metabolism cages and 24 hour urine samples were collected in dark bottles 
under toluene. There Avas no contamination of the urine Avith fecal raate- 

1 Published AA'ith the approval of the Director of the Wisconsin Agricultural Experi- 
ment Station. These studies v^ere aided by grants from the Rockefeller Foundation, 
the Wisconsin Alumni Research Foundation and the Works Progress Administration. 

~ Commercial Solvents Corporation Fellow. 

’ The liver concentrate used in these experiments Avas prepared from liver poAvder 
(1-20) or from liver fraction B (the Wilson Laboratories) according to the directions 
given by Wagner et al (2). The final alkaline irradiation procedure was omitted. 
The concentrate was fed at a level equivalent to 4 per cent of the original liver 
extract and contained less than 0.05 microgram of riboflavin per gram of original 
liver extract when assayed by a microbiological technique (3). We are indebted to 
Merck and Company, Rahway, New Jersey, for generous supplies of thiamin, nico- 
tinic acid and vitamin Be. 
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rial. The 24 hour 'volume was determined, the pH adjusted to 6.8 and an 
aliquot was stored in the refrigerator under toluene. "WTien necessary, 
the urine was diluted with distilled water in order to adjust the riboflavin 
content to the correct assay range (approximately 0.1 microgram of ribo- 
flavin per ml.). All assa 3 ^s were made at 3 levels, each level being run in 
duplicate. The riboflavin determinations Avere carried out according to 
a microbiological method (3, 4). 

Blood chemislry determinaliom. Blood sugar, non-protein nitrogen, urea 
nitrogen and uric acid determinations Avere made according to the micro- 
methods of Folin (5) adapted for use in the EA’^ebm photoelectric colorime- 
ter. Hemoglobin determinations Avere made periodically. 

Experimental. Nutriiional studies. These studies Avere performed in 
an attempt to define the riboflaA'-in requirement of the groAving dog. Taa'o 
animals, dogs I and II, Avere fed the basal riboflaAun-free ration. Other 
dogs received the basal ration plus varying amounts of .synthetic riboflavin. 

Dogs I and II exhibited a A'^ery poor initial rate of groAvth and at the end 
of the tliird AA^eek of the experiment groAvth had ceased entirel 3 L Various 
doses of riboflavin AA'ere then giA’'en at interA'^als and the resulting groAvth 
responses AA'ere obserA'ed. Some of the responses obtained Avith dog I 
are given in figure 1. The groAvth responses to a given dose of riboflaA'in 
were quite consistent for each of the dogs. In this manner both dogs Averc 
kept in a chronic state of riboflaAun deficiency for 6 Aveeks. RiboflaA'in 
therapy Avas ahvaj's folloAved )jy a gain in AA'eight. When riboflaA'in therapy 
VA'as discontinued, the dogs failed rapidl}' and died Avithin 2 weeks after 
the administration of the last dose of riboflavin. 

Dogs III and IV receiA'ed 100 microgi’ams of riboflavin per 100 grams of 
ration. A fair rate of groAvth (370 and 350 grams per AA'eek for dogs III 
and IV, respectively) AA'as observed OA'er a perfod of 10 AA'eeks. The rapid 
decline folloAAdng the remoA’al of the dail}' riboflaA'in supplement is note- 
worthy'. Dog III died AA-ithin 2 AA'eeks after the removal of the riboflaA'in, 
as indicated in figure 1, Avhile dog IV failed rapidly and Avas maintained 
by the frequent administration of riboflaA'in. This dog died 7 Aveeks after 
the remoA'al of the daily riboflaA'in supplement. 

Dogs V and VI receh'ed 200 micrograms of riboflaA'in per 100 grams of 
ration. At the end of 7 AA'eeks dog V exhibited the collapse symdrome AA'hich 
is characteristic of acute riboflavin deficiency. The dog AA'as given 400 
micrograms of riboflaA'in per kilogram of body' AA’eight hy subcutaneous 
injection and an immediate recovery AA'as effected. Within a Aveek the 
dog again exhibited the same .sj'ndrome and Avas giA'en 300 micrograms 
of riboflaA'in per kilogram of body' AA'eight by' subcutaneous injection. A 
temporary' recoA'er.y resulted but it became nece.ssai'y' to administer a 
similar dose of riboflaA'in a fcA^ day's later. The dog died 8 days after the 
last treatment. After 9 Aveeks on experiment (during Avhich the av'crage 
Avoekly gain A\as 350 grams) the daily' riboflavin supplement of dog VI AA'as 
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discontinued. In contrast to the behavior of dogs III and IV, dog VI 
maintained weight for 3 weeks following the elimination of riboflavin from 
the diet and 2 additional weeks elapsed before a precipitant loss of weight 
made it necessaiy to institute riboflavin therapy. The animal was in 
good condition at this time. Growth responses to various doses of ribo- 
flavin were observed as indicated in figure 1. Tlie dog was sacrificed 
after 18 weeks on experiment. 



WEEKS 

Fig. 1. Growth of dogs on riboflavin deficient ration plus varying amounts of ribo- 
flavin. Dog I received only the basal ration plus riboflavin supplementation at the 
points indicated. Dogs III, VI and VII received the basal ration plus a daily supple- 
mentation of 100, 200 and 400 micrograms of riboflavin per 100 grams of ration, 
respectively. A, 300 micrograms of riboflavin per kilogram of body weight, orally. 
B, 300 micrograms of riboflavin per kilogram of body weight, by subcutaneous injec- 
tion. C, daily riboflavin supplementation was discontinued. D, 100 micrograms of 
riboflavin per kilogram of body weight, orally. E, 200 micrograms of riboflavin per 
kilogram of body weight, orally. F, 100 micrograms of riboflavin furnished by 
natural concentrate'* per kilogram of body weight, orally. 

The growth rate of dog VII which received 400 microgi'ams of riboflavin 
per 100 grams of ration is given in figure 1. A good rate of growth was 
observed and the dog remained healthj'^ during the course of the experiment. 
The animal was sacrificed at the completion of the experiment. 

Blood riboflavin determinations. A total of 6 blood samples was taken 
from dogs I and II while they were in acute stages of the deficienc 3 \ The 
riboflavin values of the 6 blood samples ranged from 0.30 to .0.38 microgram 
per ml. of whole blood with an average value of 0.34 microgram per ml. 

^ This sample (Solvamin) was kindly supplied by Commercial Solvents Corpo- 
ration, Terre Haute, Indiana. 
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A blood sample taken from dog I while she was in a comatose condition 
had a riboflavin content of 0.30 microgram per ml. Blood samples were 
also taken from dog VII and from three dogs in the stock colony. These 
values ranged from 0.46 to 0.49 microgram per ml. of whole blood with 
an average value of 0.48 microgram of riboflaAdn per ml. 

Urinary riboflavin studies (“saturation” tests). ^ The ‘‘saturation” tests 
were performed in the following manner on dogs I, II, IV and V wliile 
the 3 ’’ were in the severe stages of the deficiencjL The daity urinaiy 
e.xcretion of riboflavin was first determined over a period' of 3 to 4 da 3 ^s 
and the riboflavin was then administered either orall 3 '- or b 3 '- subcutaneous 
injection in doses ranging from 100 to 400 micrograms per kilogram of body 
weight. The riboflarai content of the following 24 hour urine specimens 
was determined. In most cases, the urinary riboflavin excretion reached 
the normal basal level within 24 hours after the administration of the test 
dose. “Saturation” tests were performed on two normal dogs in the 
same manner. The results of these studies are given in table 1. In the 
case of dog II identical results were obtained when synthetic riboflavin 
and a natural concentrate of ribofla\dn were given orally. 

Blood chemistry studies. Blood glucose, non-protein nitrogen, urea nitro- 
gen, uric acid and hemoglobin determinations were carried out on all of the 
dogs during var 3 dng stages of the deficiency. A total of 5 blood samples 
■was taken from each dog for these studies. The hemoglobin values 
ranged from 9 to 12 mgm. per cent and did not appear to be a function of 
the degree of riboflavin deficienc 3 L Values for blood urea nitrogen, uric 
acid and non-protein nitrogen remained within the normal range for the 
dog. Very low blood glucose values (between 20-30 mgm. per cent) were 
found in many cases when the dogs were in the acute stages of the defi- 
ciency. However, these results were not consistent and their correlation 
with the degree of riboflavin deficiency remains questionable. 

Discussion. It is apparent that in our experiments the rate of growth 
was not a satisfactory indication of the riboflavin requirement of the 
gi'owing dog. A somewhat better indication was given by the time required 
for the production of acute riboflavin deficienc 3 ’’ symptoms after the 
removal of riboflavin from the diet. Thus, 2 dogs receiving 100 micro- 
grams of riboflavin per 100 grams of ration began to lose weight imme- 
diatel 3 " after the elimination of the daily riboflavin supplement. One of 
the dogs died within 2 weeks, while the other was brought to a stage of 
collapse vithin 2 weeks and was resuscitated by the administration of 
riboflavin. Dog VI, receiving 200 micrograms of riboflavin per 100 grams 
of ration, maintained iveight for 3 weeks following the elimination of the 
daily riboflavin supplement and although losing weight was in good out- 
ward condition 2 weeks later. The data indicate that storage of ribofla'\dn 

® We are indebted to Mr. Richard L. Potter for assistance in these studies. 
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is minimal at 100 micrograms per 100 gi-ams of ration and that a larger 
storage is attained at a level of 200 microgi’ams per 100 grams. However, 
one dog recehdng 200 micrograms per 100 grams of ration succumbed after 
7 weeks on experiment. We may then conclude that 200 micrograms per 
100 gi-ams is a minimal level and that 400 micrograms of ribofla^^n per 

TABLE 1 


The daily urinary riboflavin excretion and the retention of riboflavin in normal and. in 

riboflavin-deficient dogs 



1 

DAILY URINARY 
RIBOFLAVIN 


"SATtmATION” TESTS 


DOG 

EXCRETION, 
PER XlLOGRATil 
OF BODY ! 

■WEIGHT* ! 

1 

Doso of ribo- 
flavin, per 
kilogram of 
body weight 

Mode of administration 

Percentage 
of test dose 
excreted 

I (a) 

micrograms 

4.0 

150 

Oral 

15 

(b) 


300 

Subcutaneous injection 

9 

(c) 


300 

Subcutaneous injection 

25 

(d) 


300 

Subcutaneous injection 

5 

11 (a) 

6.1 

400 

Oral 

2 

(b) 


400 

Oralt 

4 

(c) 


400 

Oral 

4 

IV (a) 

2.6 

100 

Oral 

2 

(b) 


300 

Subcutaneous injection 

2 

V (a) 

6.0 

300 

Subcutaneous injection 

4 

(b) 


300 

Subcutaneous injection 

11 

Normal (a) 

100 

300 

Oral 

44 

(b) 


300 

Subcutaneous injection 

100 

(0 


300 

Oral 

32 

(d) ! 


300 

Oral 

22 

(e) 


300 

Oral 

33 

1 

Normal (a) 

98 

300 

Subcutaneous injection 

100 

(b) 


300 

Oral 

36 


* These values represent the average daily riboflavin excretion over a period of 
5-10 da3'S. 

t The riboflavin was furnished by a natural concentrate. In all other eases, 
synthetic riboflavin was employed. 

100 grams of ration furnished an adequate amount of riboflavin for the 
growing dog. On the basis of body weight, this level would be equivalent 
to 100 to 200 micrograms of riboflavin per kilogram of body weight. 
These values are higher than those quoted by Street and Cowgill for adult 
dogs receiving a restricted caloric intake (6). 
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The dailj'- urinary excretion of riboflavin is markedh'- reduced in dogs 
suffering from a riboflavin deficiencj'- as compared to that of normal dogs. 
These findings are in agreement with those of Fraser et al. (7) and lend 
support to their conclusion that the nutritional status of animals respect- 
ing ribofla\dn can be followed b}’’ the determination of this substance in 
the urine. Similar results in the human have been reported by a number 
of investigators (4, 8, 9, 10, 11), The results of the “saturation” tests 
indicate that the retention of the test dose of riboflavin is considerabl}’’ 
gi-eater in the ribofla-vdn-deficient dogs than in the normal dogs. Such 
tests may, therefore, be safelj' applied as a measure of the degree of satura- 
tion of the tissues A\dth riboflavin. It is interesting to note that Axelrod 
and co-woi'kers (8) could find no such correlation between the daily urinaiy 
excretion of riboflavin and the degree of retention of administered riboflavin 
in human subjects with multiple mtamin deficiencies. Since the dogs 
employed in the present stud\’- were suffering from an uncomplicated 
riboflavin deficienc}'-, it is apparent that coexisting vitamin deficiencies 
may play an important role in determhiing the degree of retention of 
riboflavin. 


CONCLUSIONS 

1. In a study of the ribofla^dn requirement of the growing dog it was 
found that 200 micrograms of riboflavin per 100 gi’ams of ration was a 
minimal level, while 400 microgi-ams of riboflavin per 100 grams of ration 
satisfied the requirement of the growing dog for riboflavin. 

2. Blood urea nitrogen, non-protein nitrogen, uric acid and hemoglobin 
were not affected in a riboflavin deficienc 3 L Low blood glucose values 
were occasionallj'- found. 

3. A decrease of 27 per cent in the blood riboflavin values was found in 
acute stages of ribofla\dn deficiency. 

4. The average, dailj'^ urinaiy excretion of riboflavm Avas markedlj’’ 
reduced in dogs with riboflavin deficiencjL Concomitantl}’’, the ability 
of the deficient dogs to retain a giA''en test dose of riboflavin was greatty 
increased. “Saturation” tests maj’’, therefore, be emploj’^ed in the assess- 
ment of the degree of riboflavin deficiency in the dog. 
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It has been repeatedly observed (1, 2, 3) that the coagulation time of the 
blood returns to normal within a few hours after the single intravenous 
injection of heparin. The brief duration of tliis anticoagulant action 
.suggests that the injected heparin may be inactivated, metabolized and 
excreted by the bod 3 ^ There has been some controvers}’- in the literature 
as to whether heparin is excreted in the urine folloAving its intravenous 
injection. Howell and MacDonald (4) and Wilander (5) reported that 
heparin is excreted b}’’ the kidney. Jaques (3), on the contrary, recently 
reported that heparin does not appear in the urine. One of us (6) has ob- 
tained a positive qualitative test for heparin on the urine of mice following 
the subcutaneous injection of heparin, and on the urine of dogs following 
the intravenous injection of heparin. 

Tliis work ivas done to determine the rate and total amount of heparin 
excreted in the urine of dogs following its intravenous injection. 

Method. Five fasted dogs under sodium pentobarbital anesthesia 
(30 mgm. per kilogram of bodj'’ weight) were used in these experiments. 
Both ureters were cannulated and the urine was collected at 10 minute 
intervals over a period of about 2 hours. A mild diuresis was maintained 
by the slow intravenous drip administration of about 250 cc. of physiologi- 
cal sodium chloride solution OA’^er a period of 2 hours. Each dog received 
an intravenous injection of 200 units of heparin per kilogram of bod}’" 
weight. The heparin (110 units per milligi’am) was obtained from the 
Connaught Laboratories of the University of Toronto. Quantitative 
determinations of the heparin excreted in each of the 10 minute samples 
of urine were done by the toluidine blue method. One-half cubic centi- 
meter of toluidine blue in distilled water (1:5000) is added to 0.5 cc. of 
the filtrate of urine diluted with an equal volume of phj’siological saline. 
If heparin is present a purple color results. A precipitate forms gradually, 

’ .\ided by a grant from tho Dazian Foundation for Medical Research. 
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and after 30 minutes the purple color is compared with a series of standard 
solutions containing from 1 to 6 units of heparin in the same amount of 
normal urine. If the sample of urine contains more than 6 units of heparin 
per 0.25 cc. it is necessary to dilute it again so that the purple color will 
fall within the range of the control solutions. According to Lison (7) the 
purple color obtained with toluidine blue is specific only for sulfuric acid 
esters of high molecular weight. Jorpes and Bergstroem (8) considered 
heparin to be a mucoitin polysulfuric ester and Jorpes (9) tested this 
metaehromatic reaction with toluidine blue on heparin solutions. He 
found (10) that the color with heparin is about one hundred times more 
intense than it is with chondroitin sulfuric acid. We have confirmed his 
observations and moreover we have found that the reaction with the 
heparin of the Connaught Laboratories (110 units per milligram) was about 
1100 times more intense than with chondroitin (Wilson A Co.) (6). 

A qualitative test for the presence of heparin in the urine samples was 
also done on each dog by the addition of normal dog’s blood to urine, 
diluted with an equal volume of physiological saline, and the coagulation 
time determined by the Howell method. Five cubic centimeters of blood 
were added to 0.6 cc, of diluted urine of dogs 1, 2 and 3, and 2.0 cc. of 
blood added to 0.5 cc, of diluted urine of dogs 4 and 5. This was com- 
pared to the coagulation time of control samples of blood to which an 
equal volume of diluted normal urine of the corresponding dog had been 
added. 

The coa^ilation time was done upon the blood of dog 5 before the in- 
jection of heparin and at 20 minute intervals thereafter. 

Results. Our results show (tables 1 and 2) that heparin is excreted in 
the urine following its intravenous injection in doses of 200 units per kilo- 
gram of body weight. This was evidenced by the purple metaehromatic 
color change and by the prolongation of the coagulation time of normal 
blood to which urine of the heparinized dog was added. In each case the - 
first 5 minute sample of urine collected after the injection was found not to 
contain heparin. Heparin, however, did appear in the 10 minute sample 
of urine in 3 of the 5 dogs. It is very likelj^ that the hepaiin was excreted 
very shortly after its injection but because our ureteral catheters had a 
volume of about 5 cc. we did not detect its presence earlier than the 10 
minute sample. Quantitative determinations on each sample of urine 
(table 1) show that the greatest amount of hepai'in was excreted in the 
urine between 20 and 50 minutes after its intravenous injection. After 
90 minutes the amount of heparin excreted was greatly decreased. It was 
still present after 160 minutes in the urine of dog 5 and after 227 minutes 
in the urine of dog 3. Table 2 shows that from 9.9 to 35.6 per cent of 
the injected heparin was excreted in the urine of five dogs within 110 min- 
utes after the injection. 
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Discussion. Our results show that the injected heparin was excreted 
in the urine and that its most rapid elimination occurred within one hour 
following the injection. From 9.9 to 35.6 per cent of the injected heparin 
was excreted in the urine within 110 minutes. The data of Wilander show 

TABLE 1 


The rate of excretion of heparin in the urine following its intravenous injection (200 units 
per kgm.) in the dog under sodium pentobarbital anesthesia 


DOG 


TIME IN MINUTES 

10 

20 

30 

iO 

so 

60 

70 

80 

SO 

m 

no 

1 / 

Urine, cc. 

4.0 

6.6 

4.5 

5.8 

6.4 

9.5 

11.0 

14.0 


12.5 


^ 1 

Heparin, units 

8 

79 

108 

81 

64 

10 

11 

7 

5 

6 



Urine, cc. 

1.6 

1.4 

1.6 

4.2 

2.6 

2.6 

3.2 


2.4 


8.0 


Heparin, units 

6 

11 

16 

67 

21 


13 

18 

29 


64 

3 ( 

Urine, cc. 

1.6 

2.4 

1.8 

1.0 

1.5 

2.1 

2.1 


1.6 


2.4 

' 1 

Heparin, units 

0 

19 

22 

16 

18 

17 

17 

18 

13 


29 

4 { 

Urine, cc. 

7.6 

13.6 

15.4 

16.1 

15.9 

12.1 

9.1 

7.5 

5.3 


10 

' 1 

Heparin, units 

243 

272 


193 

127 

97 

73 

6.0 

21 


40 

f 

Urine, cc. 

1.8 

2.4 

2.4 

2.2 

2.0 


2.3 

.2.2 



1.4 

5 1 

Heparin, units 

0 

38 

58 

53 

48 

48 

55 

53 

32 

48 

11 

1 

Coag. t.* 




80 




35 





* Normal coagulation time before the injection of heparin was 5.5 minutes. 


TABLE 2 


The total amount of heparin excreted in the urine following its intravenous injection in 

the anesthetized dog 


DOG 

HEPARIN 

total volume 
or URINE 

BLOOD COAGULATION TIME 
WITH URINE OF DOG 

Injected 

Recovered 

Per cent 
excreted in 
urine 

Normal 

Heparinized 


•units 

units 


cc. 

7iiinules 

minutes 

1 

2,200 

379 

17.2 

84.3 

4.5 

10 

2 

2,300 

255 

11.1 

29.8 

7 

23 

3 

1,700 

169 

9.9 

18.7 

4 

10 

4 

4,200 

1,496 

35.6 

112.6 

7 

23 

5 

2,400 

444 

18.5 

22.7 

10 

56 


that from 6 to 40 per cent of the injected heparin was excreted in the urine 
of narcotized rabbits Atdthin 2 hours. Jaques concluded that heparin 
was not excreted in the urine of the dog because he did not find any sig- 
nificant increase in the coagulation time of normal blood with extracts of 
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daily samples of urine of a dog which had been injected with 4500 units 
of heparin. It is possible, however, that a greater portion of the small 
quantit 3 '^ of heparin excreted in such a large volume of urine might have 
been lost in the process of concenti'ation, precipitation and washing. It 
might also be possible that the heparin excreted in the urine following 
its intravenous injection is altered slightlj’^ so that it is not precipitated 
out bj’’ the usual methods but at the same time it can prolong the coagula- 
tion time of blood and also give a positii^e purple color with toluidine blue. 
From a chemical analysis of heparin recovered from the urine of heparinized 
rabbits, Wilander suggests that heparin is not significantly’- changed in the 
process of excretion. He found, however, that the recovered heparin was 
less effective biologically than the original heparin. 

Our results verify’- those of A¥ilander and of Howell and MacDonald in 
that heparin is excreted by’^ the kidneyL The early’^ excretion of the injected 
heparin is associated with the rate of disappearance of the anticoagulant 
action of heparin upon the circulating blood. 

CONCLUSIONS 

1. Heparin is excreted in the urine of dogs anesthetized with sodium 
pentobarbital following the intravenous injection of heparin in doses of 
200 units per kilogram of body”- weight. 

2. The presence of heparin in the urine was indicated by the meta- 
chromatic reaction with toluidine blue and a prolonged coagulation time 
by the addition of normal blood to the urine. 

3. The amount of heparin excreted by'^ the Iddney’^s was determined by 
the toluidine blue method. 

4. The excretion of heparin reached its highest level within 20 to 50 
minutes after its injection. 

5. A total of 9.9 to 35.6 per cent of the injected heparin was excreted 
in the urine within 110 minutes. 

6. The disappearance of heparin from the urine is associated with a 
return toward normal of the coagulation time of the blood of the 
heparinized dog. 
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A wealth of evidence has been accumulated to show the important part 
played bj’^ the liver in fat metabolism, and no recent reviewer has failed to 
emphasize the predominant role played by this organ. It is known that 
processes of phosphoiylation and desaturation which fatty acids may 
undergo prior to utilization take place largel}’^ in the liver (1, 2, 3), and 
it is reasonable to assume that the demonstrated saturation, elongation 
and conversion (4, 5) maj" also take place there. That thiamin and perhaps 
other vitamins are necessary for the conversion of carboh 3 ’’drates to fatty 
acids has been shoum, and this process probablj* occurs in the liver (6). 
Frazer (7) has suggested that certain types of liver damage interfere Avith 
changes in the molecular structure of the fatty acids normallj’’ brought 
about in this organ and therefore lead to an accumulation of unchanged 
fatty acids and to fatty livers. This explanation may account for the 
decreased plasma level and iodine number of fatty acids after carbon tetra- 
chloride poisoning (8). We are reporting here certain studies that 
antedated and stimulated the investigations on carbon tetrachloride 
poisoning in rats (2); it is significant that similar effects on blood fatty 
acids are produced b}' dissimilar methods of depressing liver function. 

Methods. The total fatty acid and cholesterol content of fasting serum 
was determined on a series of Eck fistula animals, using the analytical 
methods described bj'- Bloor (9, 10). It was noted at once that there Avas 
a striking correlation betAA’een the clinical state of these animals and the 
serum lipid level. To establish this observation single determinations 
were made on a series of fasting Eck fistula dogs over a period of a j^ear, 
correlating the nutritional state AAuth the serum fatty acid and cholesterol 
Amlues. 

As a further means of folbAA-ing the effect of a diminution of IRer func- 
tion on fat metabolism, a series AA’as compiled in AA'hich the fat tolerance 
curves of normal and Eck fistula dogs AA-ere computed according to the 
method of RonA^ and Ching (11). After fasting for a period ranging from 
18 hours to 3 daA's a control blood sample AA-as draAATi. Lin.seed oil, in 
doses of 4 and 10 ml. per kilo, A\-as then giA>'en by stomach tube and blood 
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samples were drawn at 1, 3, and 6 hours after the fat meal. The total 
serum fatt}’’ acids were determined by the’ method of Man and Gildea 
(12), the results being expressed in milligi-ams per 100 ml. of serum. 

Fecal fat was determined for 24 hour periods in a gi’oup of Eck fistula 
and normal dogs by means of the method described bj" Saxon (13). 

Results. Table 1 shows clearly the correspondence of the blood lipid 
level with the general condition of the Eck fistula dog. When the animals 
w'ere in good condition, as immediatelj'^ after the operation, the fatty acid 
and cholesterol values approached the normal range. As the animals 
lost w'cight the level of the lipid fell, and wiien the bodj’^ w^eight had reached 
its low^est levels the serum lipid levels were found to be roughlj’- half those 
of normal animals. The w-eight loss w-as judged to be due chiefly to loss 
of body fat. For comparison, an average of the total serum fatt}'- acids 
and cholesterol of 9 normal dogs determined at the time and b 3 ’’ the same 
methods is included in table 1 . 

Table 2 show's that not onl}^ did the serum lipid values fall corresponding 
to the development of liver insufficiencj’^, but the alDility of the animals to 
respond to a fat meal wdth a rise in blood fat was also impaired. Increasing 
the amount of fat ingested did not improve this deficiency. Further, w'e 
were able in tw'o animals to test the alimentary lipemia during the develop- 
ment of liver insufficienc}’- after the e.stablishment of the Eck fistula. Table 
3 show's that there is a stage after the initial fall in fasting serum fatty 
acids Avhen the animal can respond with a normal rise in blood fat to a fat 
meal. This ability was lost in the 2 dogs so studied some time betw-een the 
third and sixth w'eelcs after operation. 

Since "NWiipple and Hooper (14) have showm that in Eck fistula dogs the 
output of bile acids is decreased to one-third or one-fourth the normal value, 
and since bile acids are generallj' believed necessary for fat absorption, the 
possibility of a deficiency' in these substances being responsible for the 
failure of a rise in the fat tolerance curve was tested. In 4 trials the bile 
acids in the amount of 0.6 gram per kilo were suspended in the fat w'hen it 
w'as given, but no lipemia resulted (table 2). As a further test of absorp- 
tion the fecal fat of Eck fistula dogs was determined for 24 hour periods 
before and after the fat meal. Table 4 shows that no greater increase of 
fecal fat occurred following the administration of fat to Eck fistula dogs 
than was observed in normal animals. 

Discussion. The usual post-operative course of the Eck fistula dog is 
characterized by a loss of w'eight commonly' amounting to one-third of the 
original body' weight, a normal or increased appetite, periods of “intoxica- 
tion” appearing spontaneously' or after the ingestion of large quantities 
of meat, an increased urinary' output and water consumption (15), and 
death within about two y'ears. In the experience of one of us (L. A. C., Jr.), 
who has prepared upw'ards of 80 such animals, a few dogs may' remain 



TABLE 1 


Correlation of nutritional condition of Ech fistula dogs with fasting serum lipid levels 


DOG 

DATE OF 
OPERATION 

date of 
OBSERVATION 

tveight 

CONDITION 

SERUM LIPIDS 

Total fatty 
acids 

Total 

cholesterol 




kgm. 


mgm. per cent 

mgm. per cent 

E 1 

10/ 1/32 

10/ 9/33 

15.0 

Good 

295 

175 



10/21/33 

15.4 

Good 

306 

170 



10/25/33 

15.0 

Good 

298 

213 



11/18/33 

15.0 

Good 

285 

243 



12/19/33 

13.5 

Fair 

222 

163 



1/28/34 

13.8 

Fair 

249 

119 



3/ 1/34 

12.5 

Fair 

245 

192 



3/18/34 

12.0 

Poor 

194 

133 

E 2 

6/20/33 

6/29/33 

20.0 

Fair 

215 

102 



12/14/33 

20.2 

Fair 

257 

87 



1/ 2/34 

18.5 

Fair 

203 

130 



1/16/34 

18.0 

Poor 

194 

104 



1/23/35 

17.5 

Fair 

203 

86 



3/ 1/35 

16.5 

Poor 

194 

94 



3/21/35 

15.5 

Poor 

185 

92 

E 3 

6/21/33 

9/19/33 

15.0 

Fair 

231 

125 



10/ 2/33 

14.0 

Poor 

179 

94 



12/14/33 

13.5 

Poor 

222 

87 



12/20/33 

11.5 

Poor 

175 

100 



1/12/34 

10.0 

Poor 

157 

83 



1/26/34 

12.9 

Fair 

240 

90 



2/ 7/34 

12.2 

Fair 

268 

100 



3/ 1/34 

12.3 

Fair 

240 

112 

E 4 

8/10/33 

9/10/33 

6.0 

Fair 

225 

108 



11/18/33 

5.5 

Fair 

194 

108 



12/ 2/33 

5.5 

Fair 

203 

130 



12/12/33 

5.4 

Fair 

222 

103 



2/11/34 

6.5 

Fair 

200 

102 

E 5 

11/27/33 

12/ 4/33 

17.5 

Good 

277 

197 



12/ 9/33 

15.0 

Fair 

231 

89 



2/ 4/35 

14.5 

Fair 

249 

121 



2/11/35 

14.0 

Fair 

222 

125 

E 6 

11/28/33 

12/ 4/33 

18.0 

Good 

333 

144 



12/ 9/33 

, 17.0 

Fair 

240 

128 



12/14/34 

15.5 

Poor 

222 

83 

E 7 

11/31/33 

12/ 9/33 

14.5 

Good 

243 

114 



i 12/14/33 

14.0 

Fair 

212 

95 



1/28/34 

13.4 

Fair 

303 

113 



3/ 1/34 

11.4 

Fair 

249 

130 

Average of 9 normal tlogs 

Excellent 

383 

211 


5G8 
















TABLE 2 
Fat tolerance curves 


ZCK FISTULA. 


Dog 

Dose lin- 
1 seed oil 

1 

Serum total fatty acids 
(mgm. per cent) 

i 

j Dog 

Dose lin- 
seed oil 

Serum total fatty acids 
(mgm. per cent) 

, Hours after fat meal 

1 Hours after fat meal 

0 

1 

3 

6 

1 

0 1 

1 

3 i 

6 


vil./kgm. 



1 


■■ 

ml./kgm. 

1 

1 


1 


E 1 

4 

269 

239 

232 

224 


4 

560 

547 

662 

575 

E 1 

4 

175 

161 

i 170 

167 

2 

4 

325 

395 

444 

495 

E 1 

4 

no 

113 

126 

151 

3 

4 

452 

490 

597 

570 

E 2 

4 

170 

167 

175 

172 

4 

4 

; 385 

371 

452 

487 

E 2 

4 

167 

178 

175 

1 172 

5 

4 

414 

423 

468 

495 

E 3 

4 

253 

278 

269 

i 264 

6 

4 

i 503 


498 

541 

E 4 

4 ? 

213 

210 

213 

213 

7 

4 

325 

307 

350 

366 

E 1 

10 

266 

229 

213 

188 

8 

4 

524 

530 

731 

597 

E 2 

10 

307 

283 

286 

264 

9 

4 

431 

444 

471 

519 

E 4 

10 

305 

307 

302 

299 

10 

4 

336 

379 

401 

379 

E 1 

4* 

153 

167 

164 

154 

11 

4 

371 

342 

498 

320 

E 1 

4* 

156 

164 

164 

162 

12 

4 

449 

689 

659 

605 

E 2 

4* 

283 

264 

242 

283 


! 

! 




E 2 

4* 

205 

218 

226 

232 






i 


KOnMAIi 


* Plus 0.6 gram bile acids. 


TABLE 3 


Loss of alimentary hyperlipemia after estahlishment of Eck fistula 


DOG 

i 

DATE 

OPERATED 

DATE 

KDTRITIONAIi 

CONDITIOK 

PAT TOIiERAKCE CURVES*, TOTAL PATTY ACIDS 

(mom. per cent) 

0 

Hours afte 

1 

;r fat meal 

3 

6 

E 1 

10/22/34 

10/18/34 

Excellent 


379 

401 

379 



11/13/34 

Good 


202 

366 

256 



12/ 1/34 

Fair 

170 1 

167 

175 

172 



12/ 8/34 

Fair 

167 

178 

175 

172 

E2 

11/16/34 

11/10/34 

Excellent 

452 

490 

597 

570 

1 


11/30/34 

Good 

199 

286 

363 

299 

i 

j 


1/ 6/35 

Fair 

213 

210 

1 213 

213 


TABLE 4 


Fecal fat excretion (grariis per 84 hours) 


ECK fistula. j 

NORMAL 

Dog 

Fasting 

After fat meal 

Dog 

Fasting 

After fat meal 

E 1 

11.9 

11.0 

1 

3.0 

9.7 

E 2 

1.1 

3.3 

2 

4.8 

6.2 

E 3 

3.6 

4.8 

3 

2.2 

5.2 


569 
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outwardly normal and others may lose weight with great rapidity and die 
vdthin a few months, but the above statements describe the usual sequence 
of events. 

If the animal is sacrificed or succumbs spontaneous!}^ after marked weight 
loss has occurred, autops}”- reveals the decrease in liver size that has been 
frequently reported, and also a striking loss of fat from the depots that 
appears to be more marked than might be expected as a result of simple 
inanition. Subcutaneous, omental, perirenal and other fat deposits dis- 
appear. The skin becomes loose and its loss of turgor gives one the im- 
pression that the animal is deh 3 ^drated, although Crandall and Anderson 
(16) have shown that deh 3 ’’dration is not present. The change in skin 
turgor can onl}’- be attributed to loss of subcutaneous fat. Quite similar 
changes ma}”^ be observed in patients with liver disease, especialh’- cirrhosis, 
in some of whom the loss of fat is striking while in others it does not seem 
to occur; this ma}’ ivell depend on the extent to which liver function is 
suppressed by the disease. As in the Eck fistula dog, loss of fat in the cir- 
rhotic patient ma}" occur while the food consumption is normal or above. 

The loss of bod}^ fat that occurs in the presence of a normal caloric intake 
and -without increased fat loss in the feces must be attributed to a decreased 
formation of fat b}' the bod 3 L The low blood levels demonstrated in our 
experiments support this view. The fact that an evident!}'- decreased rate 
of fat formation and low blood fat level occur after liver function has been 
diminished b}’- short circuiting the portal blood around the liver supports . 
the view that new fat formation from non-fat precursors (liponeogenesis) 
may be exclusivel}' or primaril}'^ a function of the liver. It can not be 
regarded as conclusive evidence for hepatic liponeogenesis since it is pos- 
sible that suppre.ssion of liver function might depress fat formation by 
other tissues. 

The failure of the Eck fistula dog to exhibit a lipemia within 6 hours after 
a fat meal can not, in view of our data on fecal fat loss, be attributed to 
failure of absorption. Tivo po.ssibilitics remain. It ma}”- be that -when the 
fat depots are exhausted and the blood fat level low, fats are removed from 
the blood as rapidl}" as the}" are absorbed. It is equally po.ssible that the 
decreased bile salt secretion of the Eck fistula dog does not permit fat ab- 
sorption at a rate that will increase the blood fat level, but is sufficient for 
complete absorption at a slower than normal rate. 

SUrW-UARY 

1. The fasting scrum total fatty acids and cholesterol of the Eck fistula 
dog are consistently lower than those of the normal dog. 

2. There is a definite correlation between the functional, state of the 
liver (as evidenced by the weight and nuti'itional condition of the Eck 
fistula animal) and the level of the .scrum total fatty acids and cholesterol. 
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3. The Eck fistula dog does not manifest the normal lipemic curve even 
when given twice the amount of fat that effectively increases the serum 
fatty acids of normal dogs. 

4. The failure to produce an alimentaiy hyperlipemia in the Eck fistula 
animal is not due to inability of the animal to absorb fat as determined 
by fecal fat loss. 
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Temporary asphyxiation of the caudal part of the spinal cord often 
results in high extensor tone in the hind legs (van Harreveld and Marmont, 
1939). It was observed, when these animals were sacrificed about two 
weeks after the initial asphyxiation, that the high extensor tone survived 
the disappearance of the reflexes in the anterior part of the body for a con- 
siderable time. The extensor tone, which has been shown to be a reflex 
tone, diminished slowlj'; but on several occasions still was present 10 min. 
after stopping the circulation. In one cat foot clonus was observed during 
that time. Since a slowly diminishing tone is not a sharp indicator of 
reflex activity, the action potentials led off from an anterior root, and 
elicited by stimulation of the corresponding posterior root, were used in an 
investigation of the survival time during asph 3 ^\iation of the cord. 

Method, In cats, narcotized vath ether, the dura was ligated at Th 
12-13, severing the spinal cord at that rcgiozi. One or two daj'S later 
the isolated part of the spinal cord was asph 3 ’^xiated for 25 to 35 min., b 3 ’^ 
forcing Ringer’s solution, heated to bod 3 ' temperature, into the ligated 
part of the dural cavit 3 '^ under a pressure higher than the blood pressure 
(van Plarreveld and Marmont, 1939). 

From 2 da 3 '^s to 4 weeks later the anterior and posterior roots of one of 
the spinal nerves (usuall 3 ^ S 2) were prepared and placed on silver-silver 
chloride electrodes. Cord and I'oots were covered nith mineral oil to 
prevent dr 3 'ing. The animal was then decerebrated and placed in a shield- 
ing metal box which was kept at bod 3 ’^ temperature. The ether narcosis 
given during these operations was then discontinued. The action po- 
tentials in the anterior root were recorded with a cathode ra 3 ' oscillograph 
S3'nchronizcd vith a tlnwatron stimulator producing double shocks vith a 
variable interval. In part of the e.xperimonts a set-up was used with 
which single sweeps were recorded at 5 sec. intervals during the surviz'al 
of reflex activit 3 '.^ In other experiments another set-up was used with 

’ Dr. R. Lorente dc N6 brought this instrument to the California Institute of 
Technology during his visit in 1910, and was kind enough to allow me to use it during 
his stay. 
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ivliich. the posteriox’ root was stimulated at intervals of 10 to 15 sec. with 
30 double shocks per second for a short period. 

Two ways of stopping the oxygen supply of the spinal cord were em- 
ployed. In most experiments this was brought about by cutting the 
abdominal aorta. This stops the circulation almost immediately, reducing 
the blood pressure to zero. In some experiments the animal was subjected 
to artificial respiration vath nitrogen. 

The 'period of survival. The survival time is the interval between cutting 
the abdominal aorta or feeding nitrogen into the apparatus for artificial 
respiration and the moment at which, vdth maximal amplification of the 
oscillograph, the last action potential is seen. 

TABLE 1 

Sxirvival of reflex action potentials of spinal animals 


PERIOD AFTER 8EVERINO OP THE SPINAD CORD 


2 days 

2-3 weeks j 

2 days 

After transection of the aorta 

After breathing N 2 

Num* 1 
her ! 

1 

Survival 

Num- 

ber 

Survival 


Survival 

p 

2 min. 50 sec. 

7* 

3 min. 40 sec. 

11 

3 min. 20 sec. 

2* 1 

4 min. 25 sec. 

8* 

2 min. 25 sec. 

12 

3 min. 20 sec. 


2 min. 45 sec. 

9 

4 min. 35 sec. 

13 

3 min. 

4 ! 

2 min. 50 sec. 

10 

3 min. 40 sec. 

14 

4 min. 15 sec. 

5 

3 min. 15 sec. 





6* j 

2 min. 55 sec. 






The asterisks given to some of these experiments indicate that the preparation 
has been examined with double shocks at long intervals; in the other experiments 
repeated double shocks (30/sec.) have been used. 


Survival period in control animals. Table 1 shows the survival periods 
in spinal control animals. In one group of cats the survival time after 
transection of the aorta was determined 2 days after severing the cord; in 
a second group the survival period was determined after 2 to 3 weeks. In 
a third group anoxia was caused by administering nitrogen. The survival 
time in the first group is perhaps a little shorter than in the other groups. 
However, neither the manner of producing asphyxia nor the period after 
the transection of the spinal cord had a significant influence on the survival 
time. The average survival period was 3 min. 22 sec., the range being 
from 2 min. 25 sec. to 4 min. 35 sec. 

Survival period in cats asphyxiated 2 to weeks before, for 35 min. Cats 
were subjected to 35 min. of spinal asphyxia and 2 to 4 weeks later they 
were again asphyxiated. The survival times of the action potentials dur- 
ing this second asphyxia and other data are shown in table 2. All these 
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animals showed some extensor tone in the hind legs and in the tail; some- 
times this tone was high. With one exception the flexion reflex was absent. 
Reflexes elicited pinching the tail were absent or weak. The period of 
survival in these animals after cutting the aorta was considerabl}' longer 


TABLE 2 

Survival of reflex action potentials in cats in which the spinal cord had been asphyxiated 

before 


NUMBER 1 

i 

PERIOD 
OF AS- 
PHYXIA 

PERIOD 
OP RE- 
COVERY 

EXTENSOR 

TONE 

FLEXION 

REFLEX 

TAIL 

REFLEX 

PERIOD OF SURVIVAL 

DAMAGE 

After cutting of abdominal aorta 


min. 

days 






15* 

35 

16 

+ 

— 

(+) 

8 min. 30 sec. 

-b 

16* 

35 

27 

-f- 

-b 

+ 

8 min. 30 sec. 

+ 

17* 

35 

14 

+ 

— 

— 

13 min. 30 sec. 

++ 

18* 

35 

14 

(+) 

— 

— 

8 min. 10 sec. 

++ 

19* 

35 

17 

H — h 

— 

(+) 

12 min. 35 sec. 

++ 

20* 

35 

12 

++ 

— 

— i 

13 min. 10 sec. 

+++ 

21* 

35 

14 

-b 

— 

(+) 

13 min. 40 sec. 

+H — b 

22 

35 

13 

++ 

— 

(+) 

10 min. 

+++ 

23 

35 

13 

d — b 

— 


13 min. 15 sec. 

+++ 

24 

35 

28 

-b 

• — 


9 min. 15 sec. 

"b 

25 

35 

27 

-b 

— 


10 min. 40 sec. 

d — bd" 

26* 

30 

16 

(+) 

++ 

1 + 

4 min. 20 sec. 

— 

27* 

30 

12 

++ 

— 


7 min. 35 sec. 

-bd- 

28* 

30 

1 

1 (+) 

j -b-b 

(+) 

5 min. 20 sec. 

-b 

29 

25 

15 

+ + 

— 

(+) 

10 min. 15 sec. 

d-d- 

30 

25 

16 

(+) 

+-b 

-b+ 

5 min. 20 sec. 

+ 


After breathing nitrogen 


31 

35 

■■ 

d- 

— 

(d-) 

14 min. 15 sec. 


32 

35 

■■ 

+ 

— 1 

— 

17 min. 45 sec. 


33 

35 

15 

-b 

— 

— 

13 min. 30 sec. 

d-d- 

34 

35 

13 

-b+ 

— 

— 

14 min. 20 sec. 

-b-bd- 

35 

35 

17 

-b 

— 

(-b) 

14 min. 30 sec. 

d — b-b 


The signs in the columns under “extensor tone, fle.xion reflex and tail reflex” have 
the following meaning. When these reflexes were absent, this was indicated with — , 
when they were moderately strong, with +, and when they were pronounced, with 
The signs in the column under “damage” have been explained in the text. 
The asterisks given to some of these experiments have the same meaning as in table 1. 

than in the spinal control cats. The average survival time was 11 min. 
2 sec., the range being from 8 min. 10 sec. to 13 min. 40 sec. 

In the five cats of this group in which anoxia was produced by feeding 
nitrogen into the apparatus for artificial respiration a longer survival time 
was found than in similar animals after severing the aorta. The average 
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survival period of these five cats was 14 min. 52 sec., the minimum and 
maximum 13 min. 30 sec. and 17 min. 45 sec. 

Survival 'period in cats asphyxiated for 25 and 30 'min. 2 weeks before. 
Survival time and other data of cats asphj^xiated for 25 or 30 min. and 
asphyxiated again 2 weeks later are also given in table 2. These animals 
often showed a liigh flexion reflex and in one case a high tail reflex. The 
survival period was considerably shorter than in the group discussed 
above. In the cats shovdng a high flexion reflex the survival period was 
only a little longer than in the controls. 

Survival period in cats asphyxiated 2 to 6 days before, for 35 min. In a 
series of 10 experiments the development of the increased survival time 
after 35 min. of asphyxiation was examined. In 4 cats the survival period 
was determined 2 days after the initial asphyxiation. It was found to be 
considerabl}'- shorter than in the control animals (1 min. 10 sec., 1 min. 
15 sec., 1 min. 50 sec. and 4 min. 25 sec.). In three cats kept for 3 to 4 
days after the initial asphyxiation the survival period was longer (3 min. 
20 sec., 3 min. 50 sec., and 4 min. 00 sec.). In three cats allowed to recover 
for 6 da 3 ’’S the period of suridval was definitely longer than in the controls 
(6 min. 40 sec., 7 min. 35 sec. and 8 min. 5 sec.). This, however, is still 
considerably shorter than after a recovery period of 2 weeks. The in- 
creased survival time oliserved after a recoverj'^ period of two weeks thus 
develops gradually during that period. It seems that after the first two 
weeks no further increase of the survival time occurs; in thi’ee cats (table 
2; 16, 24 and 25) which were examined 4 weeks after the initial asph 3 ’’xiation 
no unusually long survival periods of the reflex action currents were 
observed. 

The reflex action potentials. In all the experiments the posterior root 
was stimulated wth double shocks. The first or conditioning shock was 
usually smaller than the second or test shock, which was about maximal. 
The interval between the two was chosen to produce maximal facilitation 
(usually 2 to 5 msec.). 

Action potentials in control spinal animals. The results obtained in 
these animals were materially the same as recentl}’^ described by Renshaw 
(1940). The response to a conditioning or test shock was usually small, 
and of long duration, showing several spikes (fig. 1, A, B). If preceded 
by a conditioning shock the response to the test shock always showed dis- 
tinct facilitation (fig. 1, C). The reflex time of the facihtated response was 
markedly shorter than of that caused by the conditioning or test shock alone, 
ranging in the various experiments from 1.1 to 1.3 msec. The leading off 
and stimulating electrodes were usually about 2.5 cm. away from the spinal 
cord. It will take 0.5 to 0.6 msec, for the stimulus to travel this distance, 
assuming that the reflex eliciting sensoiy fibers have the high conduction 
velocity of 80 M/sec. (Renshaw, 1940), and that the efferent fibers conduct 









t 


' lJV_v 


Fig. 1. A-H are reflex action potentials of a cat made spinal 2 days previouslj' 
(no. 6 of table 1). A represents the response to the conditioning; B to the test shock; 
and C to both stimuli with an interval of 7.2 msec. D, E and F show the response to 
the same stimuli 1 min. 20 sec. after severing the abdominal aorta; G and H after 
2 min. 35 sec. The last reflex response was seen after 2 min. 55 sec. The calibration 

is 0.5 mv. in A-F and 0.25 mv. in G and H. Time sec. The reflex times from A 

until H are: l.S, 1.3, 1.8 and 1.1, 1.8, 1.5, 1.8 and 1.3, 2.0, 2.0 and 1.9 msec. A marked 
increase of the monosynaptic spike following the conditioning shock can be seen 1 
min. 20 sec. after severing the aorta (A and D). The facilitated responses to the test 
shock in C and F run off the screen. 

J-iM are reflex action potentials of a cat in which the spinal cord had been 
asphyxiated for 35 min. 14 days previousb' (no. 17 of table 2). J is the response 
to the test shock, K shows the responses to the conditioning and to the facilitated 
test shock. L and M represent similar responses 2 min. 45 sec. after severing the 

aorta. The stimulus interval is 4.3 msec. Calibration is 0.5 mv., time sec. 

The reflex times are from .1 to M: 1.9, 2.0 and l.G, 1.7, 1.7 and 1.6 msec. The reflex 
responses 2 min. 45 sec. after severing the aorta are materially increased. Reflex 
activity was observed until 13 min. 30 sec. after transection of the aorta. 
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at 100 M/sec. This subtracted from the reflex time gives a reduced reflex 
time of 0.5 to 0.8 msec. Lorente de No (1938) found a synaptic delay of 
0.5 to 0.9 msec, for the motoneurons of the oculomotor nucleus. Renshaw 
(1940) found a similar value for the synaptic delay of the spinal moto- 
neuron. Thus we mil have to consider the fii’st spike of the present reflex 
action potential as a monos 3 maptic response. It is this monosynaptic 
response which increases greatlj’- bj'' facilitation. 

About 40 to 50 sec. after transection of the abdominal aorta the mono- 
synaptic spike usuallj- begins to grow considerably. In most cases the 
other spikes of the action potentials became less prominent as the mono- 
sjmaptic spike grew, leading to a simplification of the action potential 
(fig. 1, D, E, F). In other experiments the action potentials remained 
complex until the end. After reaching a maximum the responses decreased 
gradual^. Facilitation was observed until the end of all activity; when 
the test shock alone had failed to produce anj’- response a distinct action 
potential could still be obtained when it was preceded hy a conditioning 
stimulus. During the course of asphj^xia the reflex time increased gradu- 
alty to 2.5 to 3 msec. 

Actio7i 'potentials of cals asphyxiated 2 to 4 weeks before, for 35 min. The 
action potentials of these preparations are usually less complicated than 
those of the controls, consisting mainty of one large spike (fig. 1, J, K). 
In some preparations, however, more complicated responses have been ob- 
served. The conditioning shock had, as in the controls, a facilitating effect 
(fig. 1, K). The reduced i-eflex times of facilitated responses were a little 
longer than in the controls, ranging in most preparations from 0.7 to 1.2 
msec. Nevertheless, it seems likety that in these cases the first spike also 
represents a monosynaptic response. 

Thirty to 45 sec. after cutting the aorta the monosjmaptic spike increased 
markedty in most of these preparations (fig. 1, L, M). In a few instances 
this increase was absent. After reaching a maximum the action potentials 
declined A^erj^ slowl 3 ^ The survival of these potentials was much longer 
than that found for the controls (table 2). A gradual increase of the 
reflex time during aspltyxiation was observed. As in the controls a pro- 
nounced facilitating effect of the conditioning shock was present until the 
end. In preparations stimulated vith 30 double shocks per sec. another 
much slower facilitation was observed shortlj’- before reflex activity stopped 
altogether. The first few shocks did not cause an}" response, then a slowl}" 
gromng response became visible, reaching its maximum after about 1 sec. 
These two types of facilitation are perhaps comparable with the two types 
mentioned by Gasser (1938). Preparations examined with 30 double 
shocks per second still give action potentials (after facilitation) at a time 
when a single double shock no longer causes a response. Thus the prepara- 
tions stimulated in the former waj" must have a somewhat longer survival 
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time. The preparations stimulated vith single double shocks have been 
marked A\ith an asterisk in tables 1 and 2. 

Histological changes in the cord. After determining the survival period, 
the segment of the cord used in the experiment (usuallj’- S 2, sometimes S 1) 
was isolated and fixed in 95 per cent alcohol. The preparation was im- 
bedded in paraffin, sectioned (25 m), and stained with toluidine blue. 

Preparations of controls showed at this level 15 to 30 large motor cells 
per section. The rest of the cells in the anterior horn and in the gra}^ com- 
missure were mostl}’- medium sized nerve cells. In the posterior horn the 
cells were veiy small. 

In cats in which the cord had been asphyxiated for 35 min. 2 to 4 weelcs 
before, the folio vdng changes have been observed. 1. A distinct decrease 



In figure 2 three microphotographs of the spinal cord stained udth toluidine blue 
are given. A. Of a control cat (no. 13 of table 1, survival time 3 min.). B. Of a cat 
asphyxiated for 35 min. 14 daj’^s before (no. 17 of table 2 , survival time 13 min. 
30 sec,). The middle sized ganglion cells in the anterior horn had disappeared to a 
great extent (H — h). Note the increase of nuclear material in the anterior horn. 
C. The cord had been asphy.xiated for 35 min. 13 days before (no. 23 of table 2, 
survival time 13 min. 15 sec.). Few of the middle sized ganglion cells remained in the 
anterior horn (4 — 1 — }-). The amount of nuclear material is exceptional!}' increased 
in this preparation. 

in. the number of motor cells. 2. The medium sized nerve cells in the 
anterior horn and graj' commissure had usually decreased even more con- 
siderably. 3. The nerve cells had been replaced by large numbei's of small 
cells (phagocj'tes). There were often .so many of these small cells that the 
total amount of cell material in the gray matter was much greatei' than in 
the normal spinal cord (fig. 2, B, C). The number of cells in the white 
matter also increased, but to a lesser e.xtent. 

The damage as indicated in table 2 was evaluated as follows. If the 
number of medium sized nerve cells present in the anterior horn and in 
the gray commi.ssure was about normal, this was indicated with the sign — . 
If there was a noticeable decrease of these cells this was indicated with -p, 



RESISTANCE OF SYNAPTIC CONDUCTION TO ASPHYXIATION 579 

if the}" had disappeared to a great extent, with + + , and if they were 
practically all gone, with + ++. As can be seen in table 2 there is a 
rough relation between the period of survival of asph 3 "xia and the amount 
of damage to the cord. In all experiments in which the survival time was 
very long the damage was sei'ere. In the cases in which there was only 
slight damage to the cord the survival time was not very long. 

Discussion. A 35 min. asphyxia of the cord, although causing severe 
destruction in the cord, does not change the essential features of the reflex 
action potentials. Facilitation by a conditioning stimulus was always 
present; with a few exceptions the action potentials grew considerabl}" at 
the beginning of a renewed asphyxiation; the reflex times were of the same 
order of magnitude. The only difference was that the action potentials 
were usually simpler, consisting mainly of one spike. This simple action 
potential is probably always present when a large part of the motoneurons 
discharges in a monosynaptic response, since a similar simplification of the 
action potentials has been observed in control animals when the mono- 
synaptic response was increased bi" facilitation (fig. 1, B, C) or in the be- 
ginning of asphyxiation (fig. 1, A, D), The implication that in cats in 
which the spinal cord has been asphyxiated before, a large part of the 
motoneurons responds monosynaptically even without facilitation, agrees 
well vfith the observed increased I'eflex activity in these animals (van 
Harreveld and Marmont, 1939). 

The great sensitivity of the central nervous system to asphyxia is well 
known. Sugar and Gerai-d (1938) reviewed the literature and deter- 
mined the survival time for a number of regions of the brain, mostly using 
the spontaneous electrical phenomena as the indicator of activity. They 
found survival times ranging from 10 to 12 sec. in the cerebellum, to more 
than 2 min. in the tubcrculum cuneatum and in the spinal tract of the 
trigeminus in the medulla. Heymans, Jourdan and Nowak (1934), Hey- 
mans and Bouckaert (1935), and Heymans, Bouckaert, Jourdan, Nowak 
and Farber (1937) determined the survival times of some reflexes of the 
medulla. The cornea reflex disappeared after 1 min. to 1 min. 30 sec., 
respiration stopped after 1 min. 30 sec. to 2 min. Cardioregulation and 
vasomotor reactions were paralyzed after 4 to 5 min. We found in a large 
number of experiments in which the caudal part of the spinal cord was 
brought under pressure, causing sudden circulatory arrest, that the kneejerk 
had an average survival time of about 45 sec., vdth a minimum and maxi- 
mum of about 30 and 80 sec. In this paper it has been shoivn that when 
the reflex action potentials are used as the indicator, the survival time of 
the spinal cord is much longer (average 3 min. 22 sec.). By using the ac- 
tion potentials the survival time of the reflex most resistant to asphyxia is 
determined. This apparently is not the kneejerk. 

Since a large number of nerve cells is destroyed in the asphyxiated 
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cord, the most obvious explanation of the increased survival time would 
be to assume that the ox 3 ^gen in the blood and in the tissue surrounding the 
nerve cells would suffice for the remaining cells for a longer period than 
normal. There are man}”- objections to such a point of view, 1. Though 
the number of ganglion cells is decreased, this is compensated and often 
overcompensated bj’^ the presence of large numbers of phagoc 3 des in the 
damaged tissue. Even if the phagoc 3 des have a lower metabolism than 
the nerve cells, it is inconceivable that the small ox 3 'gen reserve in the 
vessels, which according to Gerard (1937) can suppty the cortex for only 
10 sec., would suffice for more than 13 min. in the previousl 3 ’' asph 3 ’^xiated 
cord. 2. In the previously asph 3 'xiated animals the increase of the action 
potentials during a renewed asph 3 rxia begins at about the same moment 
as in the controls. If the increased survival period were due to a slower 
use of stored ox 3 ^gen, the increase of the action potentials could be ex- 
pected to set in later in the treated animals than in the controls. 3. In 
a number of experiments anoxia of the cord was caused b 3 ’^ ample (3 l./min.) 
artificial resphation vdth nitrogen. The nitrogen removes the ox 3 ’^gen from 
the blood as it passes the lung, and since circulation proceeds for a few 
minutes this thoroughl 3 ’- venous blood will remove an 3 ’’ ox 3 'gen which might 
be present in the tissues of the spinal cord. Though there was in these 
cases certainl 3 ’’ no reserve of oxygen present in the cord, the sur\d^'al time 
was even longer than when asph 3 ’-xia was caused by cutting the aorta. 
This longer survival time ma 3 '’ be explained b 3 ’- the fact that in this wa 3 ' 
carbon dioxide and other substances can be removed from the cord as long 
as circulation proceeds. It seems certain that in the previousl 3 ’ asph 3 ^xi- 
ated spinal cord, S 3 maptic conduction is considerably more resistant to 
0 X 3 ^gen lack than in the spinal cords of control animals. 

It has been found that peripheral s 3 mapses are not particularl 3 ' sensitive 
to ox 3 "gen lack. Bronk and Larrabee (1937) and Bronk (1939) found that 
about 30 min. after stopping the circulation conduction in the stellate 
ganglion begins to fail, after about 60 min. it stops altogether. Bargeton 
(1938) found that 10 to 15 min. after circulator 3 '' arrest transmission 
through the superior cervical ganglion had stopped complete^v. The sur- 
vival time of the previousl 3 '^ asph 3 ^\iated cord approaches that of the 
peripheral s 3 mapses. 

If .S3maptic conduction is not veiy sensitive to 0X3'gen lack the question 
arises wh3' the reflex activit3’’ of the normal spinal cord survi^^es asph3^\'ia 
for such a short period of time. We have to assume that there is present 
in the spinal cord a structure high^v sensitive to ox3’'gen lack wiiich, when 
aspln’xiatcd, can depress S3’naptic conduction. This could be accom- 
plished ly the I'elease of a chemical substance or b3’' a spontaneous and 
continuous discharge of neurons with an inhibitor3'' function. Since the 
increased survival time develops sIowl3'' in about two weeks it is probable 
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that this is connected with the secondaiy degeneration of the fibers and 
fiber endings of the nerve cells killed bj'' the initial asphj^xiation, rather 
than with the destruction of the cell bodies themselves, which occurs 
shortly after the initial asphjoda (van Harreveld and Marmont, 1939). 
Since asphyxiation of the cord causes on the one hand an increased survival 
time and on the other hand the destruction of the structures responsible 
for reflex inhibition (van Harreveld, 1939) and of structures normally de- 
pressing the reflex activity of the cord (van Harreveld and Marmont, 1939; 
van Harreveld, 1940) it seems quite possible that the destruction of those 
structures is the cause of the increased survival time. 

SUMMARY 

1. The survival time of reflex action potentials of the spinal cord after 
transection of the abdominal aorta was determined in spinal animals. 
The average survival time was 3 min. 22 sec., ranging from 2 min. 25 sec. 
to 4 min. 35 sec. 

2. The survival time was determined in the same wa}’’ in cats in which 
the spinal cord had been asph.yxiated for 35 min., 2 to 4 weeks previously. 
The survival times in these animals were much longer than in the controls. 
The average survival time was 11 min. 2 sec., ranging from 8 min. 10 sec. 
to 13 min. 40 .sec. 

3. This increased survival time was not present the first few da 3 ’'s after 
the initial asplwxiation, but developed gi’aduallj' in the course of two weeks. 

4. The initial asph 3 ’-xiation destro 3 ^ed a large number of ganglion cells 
in the cord. It was shovTi that the increased survival time is not due to 
a slower use of ox 3 '^gcn stored in the vessels and in the tissues surrounding 
the ganglion cells b 3 '' the few nerve cells left, but actuall 3 ' is an increased 
resistance of S 3 maptic conduction to asph 3 -xiation. 
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Several recent reports (Fisher, Ingram and Ranson, 1938; Rasmussen, 
1940) have dealt mth various aspects of the supraoptic h5’-poph3’’sial sj'^stem, 
the hypophj^sis and their relation to water balance. In this communica- 
tion the results of a similar im’^estigation carried out in dogs since 1935 
nlll be presented. Certain functional studies dealing with alterations in 
water balance following surgical operations on the hj’^pothalamus and the 
Itypophj'sis of some of the animals of this series have already been pub- 
lished (YTiite and Heinbecker, 1937). In addition to the anatomical 
studies of the hypothalamico-hj’-pophj^sial system this report deals vith 
the foUoAving: a, the role of the anterior lobe in diabetes insipidus; b, the 
mechanism of the so-called normal interphase; c, a correlation between the 
degree of diabetes insipidus and the residuum of nerve cells in the supra- 
optic nuclei; d, evidence that the supraoptic arid paraventricular nuclei do 
not secrete pitressin; e, the effect on fluid and food intake of infection in 
the region of the hypothalamus in the absence of pitressin-forming tissue. 

Materials and methods. Dogs Avere used as experimental animals. 
The\" AA'ere kept in metabolism cages AAuth high, solid sides and deepl}^ 
sloping bottoms to insure satisfactoiy 24 hour urine collections. Thej" 
AA'ere fed measured amounts of dog cIioav and horse meat except AA'hen for 
experimental purposes unlimited but measured quantities AA'ere alloAA'ed. 
The dogs Avere kept for Amiying periods to establish the noimal dail}'' urine 
output before operation, and then subjected to operative procedures 
designed to determine the effect on AA'ater balance of the loss of the diffei-ent 
parts of the neuro- and adenoliA'pophj'sis. Anatomical material AA'as thus 
also proA'idcd to determine the effect of the loss of the A'arious parts of the 
neurohA'popliA'sis on the hypothalamic nuclei. 

The folloAA'ing are the operations carried out. The oral approach Avas 
used almost cxclusiAmlA': 1, remoAml of the posterior lobe AA'ith or Avithout 
remoA'al of the pare distalis; 2, a Ioav or a high section of the infundibular 
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stem with or without removal of the posterior lobe and jjars distalis; 3, 
section of the fillers to the neurohypophysis with the immediate or subse- 
quent removal of the adenohyjDoph.ysis, the infundibular stem and the 
infundibular process; 4, removal of the ncuro- and adenohypojjliysis at one 
sitting. We would cm])hasizc that complete removal of pitressin-forming 
tissue must include removal of the median eminence. 

'\^dnlc it was not possible on every occasion to carry out with ])rccision 
the. particular operation planned, the number of animals utilized (150) was 
great enough so that in the end an adequate number of successfully operated 
animals of each type were aA’ailablc for study. 

After operation the animals were again followed for jjeriods varying 
from 10 days to a year and the effect of each ty])c of ojjeration on water 
exchange determined. Thc.y were then sacrificed and the nature of the 
lesion in the hypophysis and hj-pothalamus and the presence or absence of 
pars distalis in each instance was determined by inicroscopic examination. 
The brains were fixed in situ by irrigation through tlie carotid artery with 
formalin 1 in 10 after bleeding the animal. Early in the research the 
hypothalamus and sellar contents Avcrc ])rcparcd for sectioning on one 
block. The treatment with the 5 per cent nitric acid used for decalcifying 
was found to interfere with the subsequent staining of many of the nerve 
cells with cresyl violet. Later the sella was separated from the hypo- 
thalamus after fixation. Both parts were tlien prejjared separately and 
examined microscopically in serially cut 20 micron sections. Cresyl violet 
was used to stain the hypothalamic tissue, hematoxylin and eosin for the 
sella turcica and its contents. 

Nomenclature. In order to avoid confusion the system of nomenclature 
recentlj^ suggested by Rioch and Wislocki (1940) is employed. 


Major divisions and subdivisions of Ihc mammalian hypophysis 


Major Divisions 
Adenohypophysis 

Lobus Glandularis. . 

Ncurohj'pophysis 
Lobus Nervosus 

(Neural lobe) 

Infundibulum 
(Neural stalk). . . . 


Subdivisions 


1. Pars distalis (anterior lobe) 

2. Pars tuberaiis 

3. Pars intermedia 1 


( posterior lobe 


1. Infundibular process^ 

1. Infundibular stem 

2. Median eminence of 

tuber cinercum 


Neural stalk, together 
with sheath of lobus 
glandularis, designated 
as hypophysial stalk 


The onlj’’ nuclei which unqucstionablj'’ contribute fibers to the neuro- 
hypophysis were found to be the supraoptic and the paraventricular. The 
supraoptic as shovm in figure 1 is divisible into a tightly packed rostral 
division, a small intermediate medially directed spur and a relatively 
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diffuse caudal division commonly called the tuberal nucleus. The para- 
ventricular nucleus is ventrally situated in its rostral division and courses 
dorsocaudally. The cells of the supraoptic and paraventricular nuclei are 
cj’^tologically similar. They are large, with their Nissl granules peripherallj’’ 
located in the C 3 ’’toplasm. Their nuclei often have an eccentric position. 
After treatment with 5 per cent nitric acid for 3 weeks these are the onlj'' 
hypothalamic cells which stain at all satisfactority with cresvl violet 
(%. 1 ). 

Results. To review all of our results in detail is obviouslj’^ impossible. 
It was therefore decided to present the water exchange and anatomical 
findings of one t 3 '’pical example from each of the operative classes outlined 
above. An anal 3 ’-sis of the results leads to conclusions which are applicable 
to the entire bod 3 ’^ of material at our disposal. 

Cla^s 1-a (dog 95). Removal of the posterior lobe and pars distalis 
(“simple Iwpophysectomy”)- 

This procedure does not result in an 3 '^ peimanent alteration in water 


Fig. 1. Photomicrographs 150 diameters showing essentially the supraoptic and 
paraventricular nuclei in two normal dogs, NA and NB, and in eight operated ani- 
mals the numbere of which are indicated in the upper left hand corner of each photo- 
micrograph. The tissue of normal dog NA was treated with 5 per cent nitric acid in 
decalcif 3 ’’ing the attached sella turcica. As a consequence, only the supraoptic and 
paraventricular nuclei stained in such sections. NA-4 is a section through the lateral 
mammillarj' nucleus, which is here unstained. SO-R, SO-M, SO-C indicate the ros- 
tral, intermediate and caudal divisions of the supraoptic nucleus. PV indicates the 
paraventricular nucleus, LM the lateral mammillarj’- nucleus. NB-4 shows a lateral 
mammillary nucleus which stains when the tissue is not subjected to 5 per cent nitric 
acid. Sections from dog 81 show a few residual supraoptic cells, which accounts for a 
late decrease in the degree of polj'uria. The caudal portion of the paraventricular 
nucleus is practically normal. Sections from dog 95 show a loss of from 60 to 80 per 
cent of the supraoptic cells; note that the intermediate division is definitelj’- present. 
The loss of cells in the caudal division is as great as in the rostral division. There is 
a moderate loss of cells from the paraventricular nucleus especially in its rostral 
portion. Sections from dog 98 show a cell loss similar to those for dog 95. The 
supraoptic nuclei in dog 56 and dog 94 show about a 90 per cent loss of cells. The 
section from dog 129 shows normal appearing pars distalis removed at the second 
operation. Sections from dog 84 show practicallj' a complete loss of supraoptic cells 
in both the right and left nuclei with considerable loss (estimated 50 per cent) of 
paraventricular cells, especially on one side. The lateral mammillary nucleus is 
normal, indicating that its preservation is compatible with a maximum diabetes 
insipidus (ventral aspect of hj'pothalamus is toward the left in this section, fig. 1, 
dog 84, LM). Sections from dog 137 show a complete loss of supraoptic cells with a 
50 per cent loss of paraventricular cells. The section from dog 17 shows no loss of 
cells in the supraoptic nucleus 19 days after interruption of the fibers from the nu- 
cleus. The section from dog 16, 30 daj's after such an interruption of the fibers, 
shows a few remaining degenerated cells. The section from dog 138, 65 days after 
interruption of the fibers, shows a complete absence of cells, the dark spots are due 
to the staining of some tissue detritus. 
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exchange (fig. 2). If there is slight injuiy to the median eminence at 
operation there may be a temporary increase in urine output of 2 to 6 
times the normal for 24 to 72 hours. At the end of this time the urine 
output returns to normal and remains there. If the median eminence is 
not affected at all there is not even a temporaiy increase in water exchange. 

Microscopic examination of the hj'-pothalamus reveals an estimated 70 
to 80 per cent decrease in the cells of the rostral, median and caudal diid- 
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Fig. 2. Plots of urine output in cubic centimeters against time in days for dogs 
95, 56, 9S, 137, 81, 84, 94, 129, 134 and 126 as indicated by the number in the upper 
right hand corner of each chart. For description of operation see text. Arrows 
mark the time of an operation the nature of which is also indicated in text. Dotted 
lines in charts of dogs 134 and 126 indicate body weight in kilograms. 


sions of the .supraoptic nuclei (fig. 1). There is no obvious loss of cells in 
the paraventricular nuclei. 

Class 1-b (dog 56). Removal of the posterior lobe without removal of 
the pars distalis by splitting the latter longitudinallj'^ to permit removal of 
the former. 

The %vater exchange (fig. 2) and microscopic findings (fig. 1) in the 
hypothalamus arc similar to those for cla.ss 1-a. There is always a large 
residuum of normally staining pars distalis. 
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Class 2-a (dog 98). Low section of the infundibular stem without 
removal of the posterior lobe and pars distalis. 

This results in Avater exchange effects (fig. 2) and microscopic findings in 
the hj’^pothalamus (fig. 1) similar to those for class 1-a. The posterior lobe 
is shrunken, vacuolated and quite cellular. The operation does not result 
in any appreciable change in the size and staining properties of the pars 
distahs. 

Class 2-h (dog 94). High stalk section wdth removal of the infundibular 
stem, the posterior lobe and pars distalis. 

This results in a temporary moderate to high pol^mria A\Lich is folloAved 
in 3 to 5 days bj' a normal interphase (fig. 2). Follov’^ing this in 3 to 7 
days there usuallj’’ results a peimanent increase in urine output of 2 to 6 
times the normal amount depending upon the degree of permanent injury 
to the median eminence. If there is no permanent injury to the median 
eminence no permanent pol 3 ’’uria resultsu 

Microscopic examination of the hj’-pothalamus (fig. 1) reveals an esti- 
mated loss of 80 to 90 per cent of the cells in each of the three divisions of 
the supraoptic nuclei and a variable loss of cells in the ventral part of the 
paraventricular nuclei. 

Class 2-c (dog 129). High stalk section AAithout removal of the in- 
fundibular stem, posterior lobe and pars distalis. 

This results in similar A\-ater exchange findings (fig. 2) to those for class 
2-b. Microscopic examination reA^eals the infundibular stem and pars 
distalis to be shrunken, often shoAA-ing cystic degeneration and a high 
degree of cellularity. Subsequent remoA'-al of the pars distalis (dog 129, 
fig. 1) does not modif 3 '- the Avater exchange (dog 129, fig. 2) after second 
arrow). The loss of cells in the supraoptic nuclei is similar to that for 
class 2-b. 

Class 3-a (dog 84). Section of the fibci's to the neuroh 3 ’-pophysis AAdth 
immediate remoA^al of the IoIdus glandularis, the infundibular stem and the 
infundibular process. 

This results in a high temporaiy po^mria of 4 to 6 days, a normal inter- 
phase of 3 to 5 days and then a state of maximum permanent polyuria 
(fig. 2). The first arroAV (fig. 2, dog 84) indicates the time of an unsuccess- 
ful attempt at section of the fibers to the neuroh 3 'pophysis. 

Microscopic examination of the h 3 ’'pothalamus reveals a complete loss 
of cells in the three diAusions of the supraoptic nuclei, a Amiable but 
marked loss of cells in the A’entral portion of the paraA’entricular nuclei and 
a Amiable but much smaller loss of cells in the dorsocaudal portion of the 
nuclei (fig. 1). A unilateral intermption of the fibers results in a discern- 
ible loss of nuclear cells on the same side only. The degree of completeness 
of remoA'al of the lobus glandularis AA-as established b3’^ examination of 
serial sections of the entire sella and its contents. 

Class 3-h (dog 81). Section of the fibers to the neuroh 3 "poph 3 'sis AAith a 
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subsequent removal of the adenohypophj^sis, the infundibular stem and 
the infundibular process at a second operation. 

The water exchange in this class is similar to that for class 3-a. The 
second operation at which the adenoh3’^pophysis is removed results in no 
diminution in water exchange (fig. 2). 

jNIicroscopic examination of the hypothalamus reveals similar findings’ 
to those for class 3-a (fig. 1). The absence of pars nervosa was established 
bj" examination of the serial sections of the entire sella and its contents. 

Class Jf. (dog 137). Removal of the neuro- and adenoh3^poph3'sis at one 
sitting. 

The operation results in an immediate and permanent high pol3mria 
vdth no normal interphase (fig. 2). The microscopic findings in the 
h3'pothalamus are similar to those for class 3 (fig. 1). 

Time interval for nerve cell degeneration folloiving interruption of the axons 
of the supraoptic nuclear cells. Anabasis of our material indicates that a 
beginning failure of the Nissl substance to stain vdth cres3'l violet can be 
noted in the supraoptic nuclear cells at 10 to 14 da3^s and is complete in 45 
to 60 da3^s after their axons have been interrupted. In figure 1 are shown 
photomicrographs of the supraoptic nucleus follovdng an anatomical 
lesion shovm to be adequate to interrupt all fibers to the neuroh3’’poph3^sis 
at intervals var3dng from 19 da3’’S (dog 12) to 30 da3^s (dog 16) and to 65 
days (dog 138). These results are in agreement with similar ones re- 
ported b3’’ Rasmussen (1940) for the rat, the dog and man, 

Rdle of the anterior lobe in diabetes insipidus. It has been ])ossible to 
show in 9 dogs that a pennanent maximum diabetes insipidus followed 
complete destruction of the neuroh3'^poph3'sis vith complete absence of the 
pars distalis, microscopicalh’’ confirmed 1)3' serial sections. It was pre- 
viousb'- reported 1)3" us that in 8 otlier animals a permanent maximum 
diabetes insipidus was produced 63" complete interruption of the fibers 
to the neurohypophysis or complete destruction of the neuroh3"poph3"sis 
with onl3" 3 to 10 per cent of the pare distalis remaining. We now recog- 
nize that the pol3"uria in these 8 animals would not have been impaii-cd 
if these residual fragments of pars distalis had been removed. In the light 
of our entire evidence it is felt that failure to obtain maximum permanent 
diabetes insipidus 1)3" complete removal of the h3"poph3"sis at one sitting is 
due to failure to interrupt all the fibers to the neuroh3"poph3'sis or to re- 
move it complete^". The presence of more than 3 per cent of intact 
residual cells in the supraoptic nuclei after adequate time for degeneration 
is incompatible with a state of peimanent maximum diabetes insipidus. 
Much of the confusion on this point in the literature has been due to 
failure to recognize that complete removal or denervation of the median 
eminence is a necessaiy condition for maximum permanent poh'uria. 
von Harm (1918) advanced the h3'pothcsis that some pars distalis was 
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essential for diabetes insipidus. His evidence was derived from an anal- 
3 'sis of 20 clinical cases. In 9 of these it was stated that complete destruc- 
tion of the hypophysis existed without diabetes insipidus. In all cases 
of diabetes insipidus the posterior lobe was found destroyed but the pars 
distalis was in whole or in part intact. In view of our findings it is con- 
sidered probaljle that von Hann’s evidence for complete destruction of the 
neurohypophj’sis was inadequate, the median eminence probably’’ remain- 
ing. Fisher, Ingram and Ranson (1938, loc. cit.) have supported the von 
Hann theory. Their acceptance of it was based on an anal 3 ’-sis of the 
findings of other investigators and their own evidence of a diuretic effect 
from an extract of beef anterior lobe in cats with a latent tendenc}'^ toward 
diabetes insipidus. No effect was obtained in several cats alread}" having 
a good pol 3 mria. Richter (1934) also supported the von Hann theoiy on 
the basis of results obtained in the rat. His estimates of the degree of 
h 3 ^pothalamic and h 3 qDoph 3 fsial destruction in the animals seems to have 
been based on gross rather than microscopic examinations. The state 
of the median eminence and of the supraoptic and paraventricular nuclei 
are not reported upon. It is our belief that in those rats which fail to 
develop a maximum permanent diabetes insipidus this was due to a failure 
to destro 3 '- all pitressin forming tissue (median eminence escaped) rather 
than to an 3 >’ difference in the amount of pars distalis remaining. 

The normal viterphase. Fisher, Ingram and Ranson (1938, loc. cit.) 
called attention to the existence of a period of normal or nearly normal fluid 
exchange which occurs between the transient and permanent phases of 
pol 3 '-uria. It is usuall 3 ^ of 3 to 7 da 3 ’^s’ duration in the dog and is followed 
b 3 ’' a sudden development of the permanent phase of polyuria (dogs 81 and 
84, fig. 2). The mechanism concerned in the normal interphase has re- 
mained in doubt. In a large series of our animals it has been possible 
without exception to eliminate the normal interphase b 3 '- removal of all the 
pitressin-secreting tissue (dog 137, fig. 2). We interpret this as meaning 
that in the operation of interrupting the hypothalamico-h 3 '-poph 3 ^sial 
tract, follovang which this normal interphase occurs, there is sufficient 
injuiy to the pitressin-forming tissue to prevent hormone secretion, which 
leads to a transient polyuria phase. After subsidence of the effects of 
trauma the pituicytes resume their secretoiy activit 3 '-, which again disap- 
pears after 3 to 10 days because of the loss of trophic nerve influences 
necessaiy for their function. This final phase is permanent because the 
pituic 3 ’^tes now actuall 3 ^ undergo degeneration. Complete removal of all 
pitressin-forming tissue invariabty results in the immediate development 
of a permanent poRairia even though no pars distalis is present (dog 137, 
fig. 2). This shows that the normal interphase cannot be referred to an 3 ^ 
variations in activit 3 " of the pars distalis. 

Correlation between the degree of diabetes insipidus atid the degree of supra- 
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optic nerve cell degeneration. In figure 3 is plotted the relationship between 
the number of residual cells in the supraoptic nuclei of operated animals 
and the degree of resulting polyuria after interruption of the supraoptico- 
hj^pophysial tract or removal of the neurohypoph3^sis. Each dot repre- 
sents the findings in one animal. The number of the residual cells was 
estimated hy coimting the cells in the supraoptic nuclei in a number of 
sections through the three portions of the supraoptic nucleus and by 
measurements which permitted an estimate of the volume of the remaining 
nucleus. From this an estimate of the number of nuclear cells was arrived 
at and the result compared vdth the number of cells in an average normal 



Fig. 3. Plot of the relationship between the number of residual cells in the supra- 
optic nuclei of eight operated animals and the degree of polyuria. Abscissa-per- 
centage of supraoptic nuclear cells expressed as percentage of cells present when 
compared with the number in normal supraoptic nuclei; ordinate-urine volume ex- 
pressed as the number of times normal for the particular dog. 

nucleus. It is recognized that the results are necessarily approximations 
but it is felt that they arc nevertheless similar to results which would 
follow from a complete count of all the remaining cells. 

From the nature of the operative procedures used it follows that com- 
plete severance of the supraoptic nuclear cells from the neurohypophysis 
also results in a severance of whatever para^•entricular cells are normally 
connected with it. 

77!c qncclion of pilressin secretion hy the supraoptic and paraventricular 
nuclear cells. It has been suggested bj* Gaup and Scharrei' (1935) that the 
cells of the supraoptic and paraventricular nuclei may secrete? pitrc.ssin 
and that on removal of the ncurohypophysis these cells may take over the 
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function of pitressin production. In a more recent publication Scharrer 
and Scharrer (1940) admit that the evidence favoring the secretory capac- 
ity of these cells is purely histological and that the nature of their secretion 
remains to be established. On the basis of the evidence of our investiga- 
tion this secretion cannot be pitressin. It seems reasonable to assume 
that a normal staining reaction of a nerve cell can be regarded as evidence 
of its normal functional state. In our dogs where complete removal of the 
pituiej’^te-bearing tissue is cariied out at one sitting, a maximum diabetes 
insipidus obtains from the day of operation. For the first 10 to 12 days 
following the operation the cells of the supraoptic and paraventricular 
nuclei stain nornially. During this time such cells, if essential for pitressin 
formation, should be capable of taking over the function of the neuro- 
hypophysis and no marked pol 3 ’-uria should develop. 

injimnee of infection in and about the hypothalamus on water and food 
intake in the absence of neurohypophysis. In six instances the influence of 
infection in and about the h.ypothalamus was observed in dogs where all 
pitressin-fomiing tissue had been denervated or removed. Serial sections 
showed complete or almost complete absence of the supraoptic nuclei and 
the ventral rostral portions of the paraventricular nuclei. These animals 
first showed a tyjrical maximum diabetes insipidus which after several weeks 
began graduall}'- to diminish and in some instances returned to normal 
water exchange level. With this diminution in urine output there was a 
simultaneous diminution in water and food intake. Some of these animals 
eventuallj’- died, with great loss of body weight, presumably as a result 
of the anorexia. The picture resembles that of so-called hj'-pophysial 
cachexia (Simmonds, 1914) which is usuallj’^ ascribed to loss of the anterior- 
lobe. Our results show that in the dog complete loss of the anterior lobe 
alone does not produce anj^ such S3''mptoms and leads to the inference that 
h 3 ’-poph 3 ^sial cachexia may be due to an associated hypothalamic depression 
or lesion rather than to anterior lobe loss alone. T 3 ’’pical examples of the 
water balance and bod 3 ^ weight curve in this group of animals (dogs 134 
and 126) are given in figure 2. 

AWiile we accept the view (Richter, 1935; Fisher, Ingram and Ranson, 
1938) that pobmria is primary in diabetes insipidus, any influences which 
intei-fere with the thirst and appetite of an animal will prevent the mani- 
festations of diabetes insipidus in spite of the fact that the anatomical basis 
for this state exists. That operations involving injury to the h 3 '-pothalamus 
may interfere with thirst and appetite is known to all investigators in this 
field. In our experience with dogs, simple hypopltysectomy does not 
interfere appreciab^’' vdth normal thirst and appetite. When more exten- 
sive injui- 3 '^ involving the hypothalamus is produced, interference with 
thirst and appetite may result. The more extensive the injury, the greater 
appears to be the effect. In our experience removal of the entire 
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h 3 'pophysis can be carried out at one sitting 'without much interference 
•v\dth thirat and appetite, pro'\dded it is effected bj* clean dissection rather 
than bj^ probing plus chemical injiuy. The disturbance of thirst and 
appetite is frequentlj"- temporaiy. 

CONCLUSIONS 

The neuroh 3 ’'poph 3 ’sis is innervated b 3 ’' fibers from the supraoptic and 
paraventricular nuclei. All the cells of the supraoptic nuclei and a high 
percentage of the cells of the rostro-ventral portion of the paraventricular 
nuclei degenerate on remoi'al of all the neuroh 3 q)oph 3 'sis. The innerva- 
tion of the median eminence is apparentl 3 ^ uncrossed. 

Removal of the infundibular process results in the retrograde degenera- 
tion of 70 to 80 per cent of the supraoptic nuclei. The cells of the para- 
ventricular nuclei show little or no degeneration. Removal of the entire 
infundibular stem and the infundibular process results in retrograde 
degeneration of 80 to 85 per cent of the cells of the supraoptic nuclei. 

Following interruption of the h 3 'pothalamico-h 3 y)oph 3 'sial tracts, 
degeneration, as evidenced b 3 '’ paleness of staining and breaking up of the 
Nissl substance, begins at 10 to 14 da 3 ’S. For complete degeneration 45 
to 00 da 3 'S are required. 

Maximum and permanent diabetes insipidus follows the removal or the 
complete denervation of the entire neuroh 3 'poph 3 ’^sis, resulting in retro- 
grade degeneration of the entire supraoptic nuclei and the rostral ^'entral 
portions of the paraventricular nuclei. No nucleus caudal to the para- 
ventricular nuclei contributes fibers to the neuroh 3 'poph 3 'sis. Failure to 
internipt the fibers of even 15 per cent of the cells innervating the neuro- 
ly'^poply^sis will prevent the development of an 3 ’- permanent diabetes 
insipidus. Failure to interrupt 5 per cent of these fibers will result in a 
diabetes insipidus of onb^ 4 to 5 times the normal urine output, while 
this output is increased 10 to 20 fold with complete interruption. 

The normal interphase represents the time during which the denervated 
neuroh 3 ^poph 3 'sis produces pitressin. 

The adenoh 3 "poph 3 ^sis is not necessaiy for the development and mainte- 
nance of a pcimancnt and maximum state of diabetes insipidus in the dog. 

Evidence is presented that infection in the I’egion of the h 3 ^pothaIamus 
can prevent the manifestation of diabetes insipidus even in the absence of 
the entire neuroh3q3oph3'sis. 

Evidence is presented that the cells of the supraoptic and paraventricular 
nuclei do not secrete piti-essin. 
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Some time ago, in a stiid3^ of extrapja'amidal function, it was reported 
( 1 ) that stimulation of the caudate nucleus produced an “inhibition” of 
movements already in progress. The essential results obtained in that 
investigation were: 1 , if an animal were struggling, stimulation of the 
caudate nucleus or putamen stilled this activit}’-, and 2 , if a specific move- 
ment were introduced (phasic flexion of the forepaw) by stimulation of the 
cortex this movement was reduced in amplitude, frequency or duration of 
movement and, sometimes, stopped altogether by stimulation of the 
caudate or putamen. In reporting the original results it was decided not 
to emphasize the first observation since spontaneous movement is so easily 
affected bj’- a variety of circumstances including sensoiy stimulation. 
Further we were far from satisfied with the application of the word “inhibi- 
tion” to a subsidence of spontaneous acthdty. This term has come to have 
specific limitations attached to it which are difficult to applj’’ in forebrain 
work. In the present communication, for want of a better term, we still 
continue to speak of inhibition in the sense in which we used it before, that 
is, “as a ‘melting-awa}"’ of the cortical effect” but we also apply it to a 
cessation of spontaneous activity, with the implication that the inhibition 
is not abi-upt and that the movement gradually" subsides over a brief inter- 
val of time. We have further employed the term when a significant reduc- 
tion in the amplitude and frequency of vigorous, spontaneous movements 
was obtained. 

Methods. Adult cats were emplo3’’ed in the stimulation experiments 
listed below. The animals were supported longitudinalty on a horizontal 
bar, and equipped with a wide-frame Horsle3^-CIarke apparatus. Two 
types of electrodes were emplo3’'ed for deep stimulation. The first of these 
was of the monopolar variety and consisted of a tungsten or steel wire 
insulated to the tip, the indifferent electrode being attached either to the 
frame of the stereotaxic instrument or to the loimp of the animal. The 
second ty])e was the bipolar concentric. 

In stimulating the cortex we have emplo3'-cd the ordinaiy bipolar, silver, 

1 Financial assistance from the John and Mary R. Markle Foundation is gratefully 
acknowledged. 
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forked electrode; the monopolar, silver, ball-tip (2 mm.); the monopolar 
silver, spring filament (contact area circa 0.25 mm.) and the saline capillary 
plug. As stimulating sources the spi'ing-inductorium, half-rectified sixty- 
cycle and variable-frequenc 3 ’- tltyraton stimulator have all been used. 
Generally, we have used the sixty-cycle, half-rectified stimulator for cortical 
work and the variable frequenc}'^ apparatus for deep placements. Usually 
the latter ivas set for 60 pulses per second though a slower frequencj’- was 
sometimes more effective. 

Ether anesthesia delivered through an intratracheal cannula was em- 
ploj'^ed during all operative procedures. During stimulation the level of 
the anesthesia was reduced to the first or second stages of Hewitt. 

Relative activity of different portions of caudate nucleus. In studies made 
vdth the intention of ini'estigating the possibility of somatotopical repre- 
sentation in the caudate it was observed that stimulation in all parts of the 
nucleus was not equalty effective in inhibiting cortically induced move- 
ments. It was further observed that, while the caudate exerted a greater 
inhibiting effect upon movements ehcited from the cortex of the same 
hemisphere, spontaneous activity was as completely inhibited on the same 
as opposite side of the bodj'^ and indeed that no selective inhibition of 
spontaneous activity could be observed at all. With a view to deter- 
mining 1, whether the areas of the caudate which produce inhibition of 
spontaneous movement are more or less coextensive vdth those inhibiting 
corticalty induced activity, and 2, whether the regions producing inhibition 
of induced movement have some particular pattern, it was decided to con- 
struct a map of the caudate based upon its stimulation. Two hundred 
indi'S’idual placements were made in this experiment. In only two or three 
instances were more than two placements made in any one animal (one 
in each caudate). It was possible to verify the exact position of 166 of 
these placements. For the sake of convenience the caudate was subdivided 
into six regions; the anterior, middle and posterior third, each of the head 
and bod 3 ^ Roughly the posterior boundaries of these regions correspond 
respectivety ivith the six drawings (A through F) .shown in the accompany- 
ing figure (which also contains the results of the putamen stimulations 
discussed later in the paper). The amount of caudate tissue comprised 
in each of these regions varies considerabty. The number of placements 
made in each location was roughly in proportion to the amount of tissue 
involved and was as follows: 14, 52, 54, 22, 10 and 14 respectively. No 
attempt to locate placements in the tail of the caudate was made since the 
possibility of getting accurate and verifiable stimulations of this structure 
is not great. The results obtained in this series of expeiiments are grapM- 
cally expressed in the figure. In occasional trials which were made to test 
the effect of caudate inhibition upon reflex activity it was uniformty found 
that whenever inhibition of spontaneous activity was obtained there also 
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■ CORTICAU.V INOOCED 

MOVEMENT inhibited. 

A -ACCENTUATION OF CORTICAU.V INDUCED MOVEMENT. C- TORNINO OF MEAD 
TOWARD OPROJITE SIDE. S-STRUCGUNO. +. PRODUCTION OF SPECIFIC MOVEMENTS. 

Fig. 1. Diagrammatic representation of results obtained upon stimulation of the 
feline neostriatum and its vicinitj-. 

occurred an inliibition of the usual, easily-elicitable, normal reflexes, 
including withdrawal from a painful stimulus. 
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Ohjcclions against attribution of inhibitory function to caudate nucleus from pre- 
ceding data. The following may be offered against the assumption that the pre- 
ceding evidence indicates an inhibitory function on the part of the caudate nucleus. 
In the first place it may be questioned whether the inhibition of movement is not the 
result of a “diversion of interest” subsequent to irritation of the ventricular ep- 
endyma or stimulation of certain of the sensory radiations issuing from the thalamus. 
.Again it will be observed that head-turning toward the opposite side is frequently 
obtained and it might be supposed that the inhibition might be due to a sub-threshold 
tendency to offset the normal muscular balance such as is incident to head-turning in 
which case well-known inhibitory mechanisms (such as the vestibulospinal) are 
activated. It might also be objected that inhibitory fibers, crossing in the callosum 
from the opposite side, might be the really responsible agents. 

In our previous report we sought to meet the possible objection of current spread 
bj' fulgurating at the tip of the electrode and then restimulating. In such cases it 
was always found that fulguration of the small area at the tip of the electrode abol- 
ished the responses which we were recording. The objection of current spread can 
bo also, to some degree, met by the following experiment. 

Ten cats were prepared by removing all cortex anterior to and including the 
posterior sigmoid gyrus. Under such circumstances the thalamoparicto-frontal 
link is broken, the possibility of stimulating sensory cortical areas is removed and the 
chance of activating a possible callosal inhibition is reduced. When this was done it 
was noticed that a greater area of the caudate (in the direction of the internal cap- 
sule) was found to be inhibitory. In such a case the electrode is even farther away 
from the ependyma than previously. This would indicate that the thalamo-cortical 
fibers tend to mask (by introducing extraneous struggling) and not enhance inhibi- 
tion. It is to be noted that sensory stimulation usually causes an increase in respira- 
tion, while, in the great majority of the experiments reported above, not only was 
this absent but inhibition (usually of both the frequency and amplitude of the move- 
ment) occurred. 

Another more serious objection may be raised against the above experiments. 
It is by no means impossible that fibers of passage in the internal capsule and arising 
from cortex which is inhibitory may have been stimulated. In order to eliminate 
this possibility the following experiments were devised. 

Stimulation of caudate luiclciis in cals from which frontal cortex ivas previously 
removed. The length of time required for the dissobition of central neural tracts to 
the point where they are non-conducting probably varies from system to system. 
Our own evidence indicates that pj-ramidal fibers cease to transmit impulses on the 
fourth day after decortication. This is the same length of time which we found to be 
required for the severed brachial plexus to become non-conducting. Measurements 
made on the second day after section of such nerves have shown no perceptible change 
in conductilitJ^ On the third day they show impairment in the threshold of ex- 
citability and on the fourth are totally incxcitable throughout their entire length. 
So far as we know the most resistant nerves after section are the sympathctics, which 
Gibson found to become non-conductile in eight days. 

Eight cats were operated under aseptic precautions and all ncocortcx anterior to 
and including the posterior sigmoid gyrus was removed bilaterally by means of the 
ligature and suction technique, care being used to avoid opening the ventricle and 
infringing upon the caudate itself. The olfactory tracts were eliminated. The 
animals were reoperated as follows: two on the fourth postoperative day, one on the 
fifth, one on the twelfth, two on the thirteenth and two on the sixteenth. In all 
cases preliminary exploration of the edge of the remaining cortex with the bipolar 
electrode was without a motor effect and, in everj’ case, stimulation of the caudate 
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or its vicinity (placements were verified, of course, after death) produced inhibition 
of spontaneous movement (and often respiration), without evidence of spasticity or 
rigidity, whenever such movements were present. Stimulation of such portions of 
the thalamus as lie adjacent to the caudate usually produced turning of the head 
toward tlie opposite side, or, if deeper, a rage-like reaction with rapid, phasic clawing 
and spitting. Stimulation of adjacent portions of the corona radiata or internal 
capsule either produced no effect, or resulted in inhibition of spontaneous movement. 
Stimulation of the fragmentaiy corpus callosum produced no discernible effect. 
Head-turning was noticed in thirteen and sixteen-day animals as well as earlier ones 
(in which it is conceivable that complete non-conductility might not have occurred) 
and is thus presumabb’ not necessarily dependent upon the presence of the frontal 
cortex nor that part of the callosum concerned with this area. Accidental evidence 
that this movement does not emanate from the caudate and is not responsible for 
such inhibition as we have observed is provided by the case of an animal in which 
the heads of both caudate nuclei were inadvertentlj' removed. This cat showed no 
trace of inhibition but head-turning was obtained when the placements approached 
the thalamus. Thus it would appear that this form of head-turning emanates 
from the thalamus. Moreover this animal provides independent negative evidence 
that the inhibition which is customarilj’^ obtained cannot be elicited if the striatum 
is removed. 

That inhibition and head-turning (and also tail-switching) can occur through 
routes other than passage over the pyramids we have found in six animals in which 
both pyramids were cut. In a previous paper (2) we have already remarked upon the 
occurrence of inhibition following cortical stimulation after pyramid section and 
may now compare the effects of caudate and cortical stimulation in preparations of 
this type. 

Comparison between in1iibitio7i obtained fro7n caudate and cortex following 
pyramid section and effect of caudate narcotisation and re7noval. In the 
communication referred to above we mentioned that we have had the 
opportunity to verify the observation of Tower and Hines (3) (see also 
Tower 4, 5)) that stimulation of the frontal cortex, following pyramid sec- 
tion, results in inhibition of spontaneous movement. In practicallj'^ all 
respects our results are in agreement -with theirs, the onlj’- discrepancy being 
that while at one time or another they seem to have believed stimulation 
of the entire excitable area produces inhibition after pyramid section we 
have found the medial third of the dorsal aspect of the anterior sigmoid 
gyrus to be most effective in this respect and, when discriminating methods 
of stimulation were employed, frequentl 3 ’’ encountered no inhibition from 
anj'- other portion of the motor region. There is little doubt that the 
effect which Tower and Hines described is a genuine neural phenomenon 
of fii-st importance. 

That the inhibition obtained upon cortical stimulation and caudate 
acti\"ation maj'- be realb’- identical is, of couree, a read 3 ^ conjecture but 
before it can be given serious consideration it is necessaiy to prove that 
inhibition of spontaneous activit 3 ' 1 ) 3 ’’ caudate stimulation, following 
pv'ramid .section, is possible. In six cases of bilateral p 3 u-amid section 
.such a po.ssibilit 3 " was verified. Cortical stimulation, producing inhibi- 
tion, in these animals was believed to be generalb'^ le.ss effective than deep 
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stimulation. In one animal in which one p3’Tamid (left) onlj’- had been 
cut it was found that stimulation of the left cortex exercised an inhibitoiy 
effect over movements initiated in the right. In three of the above 
bilateral cases the caudate was narcotised bj" thrusting a long needle (26 
gauge), carried in the Horslej’-Clarke instrument, into its head. Into this 
0,025 cc, of 20 per cent novocaine was then injected. This resulted in an 
abolition of the cortical inhibitoiy effect. 

Since, however, it is difficult to tell whether or not this procedure produced a non- 
conduction of the fibers of projection outside the caudate- the, following experiment 
was tried. 

At 3:50 p.m. the left caudate of an otherwise normal cat, in which the cortices had 
been exposed, was injected as above. The left cortex was stimulated at intervals of 
a minute and was found to be growing more excitable. At 3:55 stimulation of it re- 
sulted, according to our notes, “In very loose and floppy movements of the right 
leg; these movements have a very active tremorous factor in them and have a tend- 
ency to display after-discharge, when stimulation has ceased.’’ At 4:00 p.m. the 
same result was obtained and the right leg was noted to respond (upon stimulation 
of the left cortex) “more proinptl}’ and energeticallj" than the left.’’ At 4:05 it is 
noted that the left cortex was giving movements which were more dystonic than 
before but was still more sensitive than the right. At 4:10, more novocaine was 
injected and this note appears (whether the novocaine was injected before or after 
the cortex was stimulated we do not know), “there is a marked tendency for after- 
discharge to develop from [stimulation of] the left cortex and a somewhat smaller 
tendency for it to develop on [from stimulation of) the right [cortex]. . . . There is 
some increase in extensor hypertonia on both sides. No apparent difference between 
the legs.” 

This procedure was repeated in four other animals. In each case the 
cortex of the hemisphere in which the caudate was injected became more 
excitable (its stimulation threshold decreased), after-discharge was noticed 
and it was observed that there was a greater incidence of spontaneous 
activity than before. Injection of the caudate vith strychnine did not 
seem to produce any veiy definite result it merelj’' being observed that it 
seemed as though the corresponding leg was working against a greater 
“resistance” than was usual. 

While the injection of a substance such as novocaine can hardly be 
expected to have given a localized narcosis of the caudate, this doubtless 
had received the major effect of the dose. It would appear that the cortex 
had been released by this procedure and that the abolition of cortical 
inhibition after pja-amid section and caused bj'- narcotisation of the caudate 
was not the result of anesthetizing fibers in the internal capsule but it may 
be interesting to see what can be done bj’- mechanical ablation, sparing 
the cortex as much as possible. 

Slimulaiion of the cortex folloiving ablation of the caudate micleus. Adult cat 
(1-11-CC 6). Cortex exposed. Anterior half of right hemisphere removed and, 
after elevation of the left half of the corpus callosum, an attempt to remove the left 
caudate nucleus through the ventricle was made. (Postmortem examination showed 
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that a small piece of the posterior portion of the head had escaped ablation.) Stimu- 
lation of the left anterior sigmoid gyrus now produced rapid, lightning-like thrusts 
of the leg. These had a loose, dangling character; the leg flying up into the air and 
collapsing into flabby, pendular movements. Sometimes these movements went 
into a tonic flexion pattern in which the leg was held up under the mandible. The 
movements, on the whole, looked like those obtained from acerebellar animals. No 
evidence of inhibition could be observed. 

Adult cat (1-12-CC 7). Cortex exposed and the ventricles on l)oth sides were 
opened by two cuts made perpendicularly to the falx cerebri, and on either side of it, 
about half-way back on the brain. An attempt was now made to remove both 
caudate nuclei through the ventricles thus exposed. Stimulation of the right cortex 
gave no response. (Postmortem examination revealed that, on the right, the suction 
tip entered into the internal capsule and disrupted it. On the left, the anterior and 
medial portions of the head of the caudate only had been successful!}' removed.) 
Stimulation of the left cortex produced two different varieties of results. One type 
of these consisted in a flash-like bat which ended in tonic extension. The other con- 
sisted of loose, pendular movements, of a phasic character, which were thrown about 
by a quick tremor. Movements elicited from the medial aspect of the anterior 
sigmoid gyrus did not appear to have any tendency to develop hypertonic manifesta- 
tions whereas stimulation of the lateral part of the gyrus frequently produced ex- 
tensor, hypertonic thrusts. These characteristics held for all stimulation frequencies 
from 40 to 750 pulses per second. Frequencies below 40 gave only jerky movements 
in the extremity. No evidence of inhibition could be observed. 

Here again then striatal dysfunction abolished the inhibitoiy capacity 
of the cortex without eliminating its positive motor effect which, on the 
contrary, was accentuated. 

PuUnnen. Stimulation of the putamen was carried out in the same 
manner as that of the caudate. The series studied consisted of twenty 
verified placements in the putamen-claustrura complex. The results 
obtained are indicated in the accompanjfing figure. Briefly, it was found 
that the more lateral jiortions of the complex gave inhibition of both 
cortically induced and spontaneous movements; that stimulation of the 
pallidal margin of the putamen resulted in specific movements and that, 
betAveen these areas, only spontaneous movement could be satisfactorily 
inhibited. The explanation of the production of moA'ements when the 
pallidal margin is stimulated is bound up AAith the function of the globus 
pallidus Avhich foiTns the subject of a separate investigation. 

Of course, we are again faced at this juncture with the question of the possible 
role which fibers of passage may play in the inhibitory phenomenon. It is not easy 
to climin.ate these in the case of the putamen but at least the same procedure may be 
adopted as was employed in the case of the caudate. From four animals thc'c.x- 
citablc cortex was accordingly removed and, ten days later, the putamen was stim- 
ulated. Inhibition of spontaneous activity was still obtained and seemed somewhat 
more effective than in the intact animal. In another animal from which the anterior 
third of the brain had been removed, including the heads of the caudate nuclei, it 
was found, twelve d.ays postoperative!}', that stimulation of the putamen similarly 
inhibited spontaneous activity. Such inhibition was also obtained in one animal 
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after section of the pyramids just below the pons. While we have not subjected the 
putamen to as exhaustive a studj’ as the caudate and while it is difficult to discuss the 
effects of lesions made in it without also considering pallidal function there seems to 
be, from what evidence is here presented, no reason to suppose that it functions in a 
manner essentially different from the caudate. 

CONCLUSIONS 

1. Stimulation of the caudate nucleus results in more marked inhibition 
of movements elicited by stimulation of the cortex of the same than 
opposite side. 

2. In the case of spontaneous movements caudate stimulation exerts 
a general, bilateral inhibitoiy effect which is essentially the same on both 
sides of the body. 

3. Spontaneous activit}' is more easily inhibited than is corticall}^ in- 
duced movement and is obtained from a greater area of the striatum. 

4. Those areas from which inhibition of cortically induced movement 
is most easily evoked coincide rather closel}' with the regions through which 
corticistriate fibers run in closely grouped bundles. The most notable of 
these bundles is the subcallosal fasciculus. 

5. No evidence favoring the existence of a definite somatotopical pro- 
jection of the striatum was observed. 

6. The inhibitory effect obtained upon striatal stimulation is not related 
to irritation of the ventricular ependyma, stimulation of the callosum or 
to excitation of thalamocortical or corticifugal fibez’S trai'^elling in the 
internal capsule. 

7. Inhibition of the above type cannot be evoked b}'^ stimulation in the 
vicinity of the head of the caudate if this is removed. 

8. The inhibition of movement Iw cortical stimulation as previously 
discovered by other observers is abolished by narcotisation or injury of 
large portions of the striatum but is not affected by pyramid section. This 
would seem to indicate that the cortical inhibitory effect travels through 
the striatum. 
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Although work on the respiration of spermatozoa has been reported, 
investigators are not in agreement as to the significance of the oxidati'^^e 
processes, and the nature of the substances oxidized has not been estab- 
lished. Redenz (1) found that various cai’bohj’^drates promoted motility 
onty if the sperm could produce lactic acid from them. He also showed 
that lactic acid had no influence on motility, but it greath" increased the 
respiration of spermatozoa in diatyzed serum (1). The lactic acid which 
accumulates in semen during storage does not account for all of the glucose 
that disappears (2, 3). 

Evidence that oxidative processes promote motility was obtained by 
Redenz (1) who showed that in a .sugar-free medium, spermatozoa soon 
became immotile when kept under nitrogen but retained motility in the 
presence of oxygen. 

In recent studies on the deh 3 >^drogenase activity of spermatozoa (as 
measured b}'’ the Thunberg technique) we observed that the metlDdene 
blue reduction time was greatl,y prolonged in the presence of glucose (4). 
This appeared to be an inhibition or spai'ing of oxidati^'e processes bj”^ 
glucose. 

In the present work it was our purpose to determme the nature of the 
intracellular substances other than glucose which are normalty utilized 
for energj'- b 3 ’' bull spermatozoa and to stud 3 ’- the relationship between 
the oxidative and gl3’’Colytic processes. 

jMethods. The methods used for semen collection, motilit 3 " observa- 
tions and lactic acid determination, and the buffer solution in which the 
spermatozoa were suspended for motility and i-espiration studies have been 
pre^■iousl 3 ' described (4). Phosphorus was determined b 3 " the method of 
Fiske and Subbarow (5) using the Evetyn photoelectric colorimeter (6) 
to obtain the intensity of the color developed. Phospholipids were sepa- 

* Published with the approval of the Director of the Wisconsin .Vgricultural Ex- 
periment Station. 
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rated by Bloor’s method (7). Aliquots of this alcohol-ether extract were 
evaporated to dryness, wet ashed ivith H2SO4, the charring which ac- 
companied the ashing cleared by the addition of a few drops of HNO3, and 
the inorganic phosphorus determined. Oxygen uptake was measured in 
air at 37° in the Barcroft apparatus. The center cups of the respiration 
flasks contained strips of porous filter paper saturated with 20 per cent 
KOH to absorb COo. A 5 minute equilibration period was allowed before 
measurements were begun. 

Results. The results in table 1 demonstrate clearlj?- that when the 
spermatozoa were separated from the nutrients present in the seminal 
fluid motility was retained onlj’- under aerobic conditions. Added glucose 


TABLE 1 

Effect of glucose on motility of spermatozoa under aerobic and anaerobic conditions 


SOURCE OF 
SPERMA- 
TOZOA 

MEDIUM. RUGGER- 
PHOSPHATE PLUS 

ATilOSPHERE 

MOTIUTT RATING 

I hour 

I hour 

2 

hours 

3 hours 

Bull A 

ISTone 

Air 

O-b 

24“ 

1 + 

Few motile 


None 

Nitrogen 

Few motile 

Dead 




0 . 02 M glucose 

Air 

5+ 

5+ 

3+ 

2+ 


0 . 02 M glucose 

Nitrogen 

5+ 

5+ 

2+ 

2+ 

1 

Bull B 

None 

Air 

4+ 

2+ 

2+ 

1+ 


None 

Nitrogen 

Few motile 

Dead 

1 



0.04 M glucose 

Air 

0 + 

5+ 

4+ 

4+ 


0.04 M glucose 

Nitrogen 

5+ 

5-t- 

5+ 

4+ 


Spermatozoa were centrifuged from the semen, washed by suspending in 0.9 
per cent saline and after centrifuging again were suspended in sufficient Ringer- 
phosphate buffer (pH = 6.8) to give a final volume twice that of the original semen. 
Incubated at 37°. 

promoted motility anaerobicallj’- and prolonged it aerobically. Since 
spermatozoa in the Ringer-phosphate medium containing no sugar remain 
motile onl}'- in the presence of air, it seems that oxj'-gen is required for the 
utilization of the intracellular reserves of the sperm cell. 

The production of lactic acid from various sugars bj'' spermatozoa from 
2 different bulls is shown in table 2. Only those sugars which the sperma- 
tozoa could catabolize to lactic acid were effective in maintainmg motility. 
Since washed spermatozoa have been shown to contain a small amount of 
glucose (8), it is probable that this was the source of the small amount of 
lactic acid produced in the absence of added .sugar. XJndoubtedl}- the 
small amount of motilit3’' found initiallj'' under anaerobic conditions (talile 
1) results from the glucose present in the spermatozoa. 

Chemical changes in semen during storage. In the hope that changes 
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in the chemical composition of semen during storage might ^ve some 
evidence as to the type of substances utilized by spermatozoa, several 
analj’^ses of semen, before and after storage, were made. It was found 
that during storage there was a decrease in glucose, an increase in lactic 
acid, ether extractable substances and ester phosphorus, a very slight 
increase in non-protein-nitrogen and a considerable decrease in lipid 
phosphorus. 


TABLE 2 

Utilization of various sugars by spermatozoa 


MEDIUM, KIKGER-PHOSPHATB. SUGAR ADDED 

ilOTlUTY AT 2 
HOURS 

Lactic acid phoddced 

BT 1 CC. SPEBJI SUSPENSION* 

IN 2 HOURS 

Bull A 

BullB 

None 

Few motile 
4+ 

4+ 

4+ 

44- 

Few motile 
Few motile 



Glucose 

Maltose 

Fructose 

Mannose 

Galactose 

Sucrose 

1 


* Sperm concentrate: Appro.ximateb’’ 600 million/cc. 

Semen was centrifuged and the spermatozoa suspended in Ringer-phosphate, 
pH = 6.8. All sugars added to give a final concentration of 0.04 M in the suspension. 
Incubated at 37° aerobically. 


TABLE 3 


Typical changes in phosphorus partitian of semen during storage at 10°C, 


SAMPLE 

INORGANIC P 

TOTAL ACID- 
SOLUBLE P 

ESTER P 

j 

LIPID P 

Original 

vigm,/cc, 

0.012 

0.013 

mgm./cc. 

0.170 

0.236 

mgm.Icc. 

0.158 

0.223 

mgm./cc. 

0.276 

0.098 

Stored 56 hours 



Tj'pical results of changes in the phosphorus partition which occurred 
during storage are shown in table 3. The large decrease in lipid phosphorus 
was accompanied by an increase in the ester phosphorus fraction. These 
changes in the phosphorus partition occurred more rapidlj^ at room tem- 
perature than refrigerator temperature. If the semen sample was sub- 
jected to heat at S0°C. for 5 minutes prior to storage, changes in the lipid 
phosphoms did not occur. Figure 1 demonstrates that the decrease in 
lipid phosphorus occurred largely during the first 24 hours of storage and 
that it paralleled the degree of motilit 3 ’. The decrease in lipid phosphorus 
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occurred also in spermatozoa separated from seminal fluid and suspended 
in Uinger-pliosphate buffer. 

Sparing of oxidative processes by glycolysis. Table 4 shows the effect of 
glucose on the respiration of spermatozoa. It is seen that the “endog- 
enous” respiration is much greater than the respiration in the presence 
of glucose. The differences were greatest during the first part of the 
period, but the rate of ox3>'gen consumption continued, for some time, to 
be gi’eater in the absence of glucose. Thus glucose has a sparing action 
on the respiration of spermatozoa. This sparing action seems to depend 



Pig. 1. Changes in phospholipid content of semen during storage at 10°C. 
aerobically. 

on the pretdous treatment given the spermatozoa. Considerable decreases 
in ox3’^gen consumption were obtained when glucose was added to fresh, 
rapidl3^ respiring spermatozoa which had been centrifuged out of the 
seminal fluid and made up directl}^ in Ringer-phosphate buffer. With 
certain samples washing lessened the sparing action of glucose on respira- 
tion, and occasional^, especialb^ in old samples, glucose even increased the 
ox3’'gen uptake above the “endogenous” rate. A plausible explanation 
is that in the older samples man3’- of the intracellular resenfes were alread3'’ 
oxidized, and the addition of glucose 3delded lactic acid, some of which 
was oxidati'\'el3’' removed. 





606 


HENRY A. LARDY ANTD PAUL H. PHILLIPS 


It seems that the oxygen uptake of bull spermatozoa can be the result 
of the oxidation of two types of substances: the intracellular reserves and, 
as shown by Redenz (1), the lactic acid produced by glycolysis. From 
our studies it is apparent that the endogenous respiration resulting from 
the oxidation of intracellular reserves is a source of energy for the main- 

TABLE 4 


Effect of glucose on the respiration of spermatozoa 


souncE 

OF sper- 
matozoa 

BTTLL 

1 

SPERM 
COUNT i 

1 

MOLARITV 
OF ADDED 
GLUCOSE 

CU. MM. OXYGEN CONSUMED PER HALF-HOUR 

30 

min- 

utes 

CO 

min- 

utes 

90 

min- 

utes 

120 

min- 

utes 

150 

min- 

utes 

ISO 

min- 

utes 

210 

min- 

utes 

Ave. 


billion /flask 











.5 

0.00 

62.5 

32.0 

29.3 

30.0 

24.2 



35.6 


1 

0.01 

29.9 1 

29.6 

25.5 

26.0 

24.0 



27.0 

A* 

.2 


i 

22.4 

12.7 

10.0 

9.8 




13.7 




10.8 

10.8 

7.0 

6.4 




8.7 

K* 

.23 


34.9 

22.1 






24.0 



Isl 

28.0 

19.2 

17.8 





21.7 

B* 

.25 

0.00 

40.0 

30.0 

20.1 

17.9 

17.0 

16.5 

15.4 

22.4 

i 

i 

0.04 

17.5 

16.5 

16.2 

13.8 

12.5 

11.5 

11.5 

14.2 

Kt ; 

.23 


23.0 

12.0 

10.0 





' 12.8 

1 



17.5 

17.0 

10.5 


9.0 I 



12.8 

on i 

.3 


13.0 

11.3 

15.7 

15.5 

M 



14.5 

1 

i 


26.0 

21.0 



B 



17.4 


All Barcroft flasks contained 2 cc. sperm .suspension made up to a final volume of 
3 cc. with Ringer-phosphate bulTer, pH = 6.8. Suspensions prepared as indicated: 

* Semen centrifuged and spermatozoa suspended in sufficient Ringer-phosphate 
to give original volume. 

t Spermatozoa were centrifuged from semen, washed bj’ suspending in 0.9 per cent 
saline and after centrifuging again were suspended in sufficient Ringer-phosphate 
medium to give original volume of semen. 

t Specimen stored 2 hours at room temperature and 7 houns .at 10° before tlie 
oxix'rimont was begun. 

teunucc of motility iii liull spermatozoa .since in the absence of glycolyzable 
.sugars' motility is not retained under anaerobic condition.^. 

I'hc decrease in ox.vgen consumjition obtained when gluco.-^e was added 
indicated that the sj)erm .sliifted to glycolytic mechanisms for some of their 
etK'i'gy; hrjwever, the magnitude of the decrra.se is not ;i true cadterion of 
the degrt'f of the .slaift. Even though the .spermatozoa wei'c ol)t;iitiing 
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all of their energj’- from glycol3^sis, a residual ox3'gen uptake would con- 
tinue because of the oxidative removal of part of the lactic acid produced. 
It must be remembered that the energ,y released b}'’ the oxidation of lactic 
acid is apparentlj'- not available to the sperm for the maintenance of mo- 
tilitj’’, for Redenz ( 1 ) found that added lactate increased the respiration 
but did not increase motilit.v of sperm suspensions containing no sugar. 

Table 5 shows that there was veiy little decrease in the phospholipid 
content of spermatozoa when glucose was added to the suspension medium. 
This, together vdth the sparing action of glucose on respiration, is an 
indication of the preferential utilization of glj’^coljdic mechanisms bj" 
spermatozoa as a means of obtaining energ}’’. 

Discussion. It is apparent from these results that spermatozoa have 
the ability to utilize a variety of sugars including the disaccharide maltose. 


TABLE 5 

Effect of glucose on phospholipid changes in spermatozoa 


MEDIUM 

LIPID PHOSPHORUS 

Original 

After 10 hours’ incu- 
bation 

Ringer-phosphate 

mgm./ec. 

0.38 

0.39 

mgm./cc. 

0.24 

0.37 

Ringer-phosphate-glucose 



Semen was centrifuged, the spermatozoa made up to original volume with Ringer- 
phosphate and incubated at room temperature. Final glucose concentration was 
0.04 M. 


At present we cannot sa}'' whether the inability of sperm to utilize galactose 
and sucrose is the result of an impermeability of the sperm to these sugars 
or the lack of enz3'-me s3’'stems capable of utilizing them. 

'\^niile the decrease in lipid phosphorus during storage certainly is not 
final evidence that phospholipids are being utilized b3'’ spermatozoa, the 
fact that the decrease ma3" be lessened b3' adding glucose to the sperm 
suspension gives support to the probability that in the absence of glucose 
the spermatozoa are using intracellular phospholipids as a source of energ3’- 
for motility. The mechanism of this utilization is not known. A possible 
explanation is that the phospholipids are h3’^drol3’'zed, perhaps liberating 
most of the phosphorus as an acid soluble ester (table 3 ) and the fatt3'' 
acid portion ma3’' then be oxidized to obtain energ3L The possibility 
that the decrease of phospholipid during storage is the result of enz3miatic 
h3^drol3^sis unrelated to an3' metabolic needs of the sperm is lessened b3'’ the 
following considerations. First, in the absence of sugars the quantity of 
phospholipid that disappears parallels the degree of motility of the sperma- 
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tozoa. Second, the disappearance of phospholipid can be lessened by 
adding glucose to the suspension medium. Fmalh", in the presence of 
glucose spermatozoa depend less on oxidative processes for their cnergj-. 

Spermatozoa are not unique in showing a decrease of respiration in the 
presence of glucose. This phenomenon has been observed in certain 
tumors (9, 10, 11), in h^ph nodes of leukemic mice (12) and in bovine 
articular cartilage (13). The cause underlying the decrease of respiration 
in the presence of glucose has not been determined. Crabtree suggested 
that the gljTohdic actiAdt 3 ^ of tumors maj’ act as a partial check on their 
respiratorj’- powers. Rosenthal et al. (13) obtained the effect with both 
glucose and mannose but not with fructose which is not gb-^coRzed bj’’ 
cartilage. Thej' offered the e.xplanation that added glucose is o.xidized 
slower than the cellular substances “the oxidation of which it replaces” 
(13). On the basis of our results we offer the following e.xplanation. In 
spermatozoa the energj’- requirement for the maintenance of their vital 
activit}' can be obtained from the oxidation of intracellular substances or 
from gb^ohdic processes. When sugars are available to the spermatozoa 
the energj^ obtained from their breakdown to lactic acid lessens the demand 
on the oxidative processes. 


SU.MMARY 

1. In confirmation of the observation of Redenz it has been shown that, 
in a medium containing no sugar, spermatozoa remained motile onb”^ in 
the presence of air, indicating that ox.ygen was required for the utilization 
of the intracellular reserves. Added sugars mamtained motility only if 
tho 3 ' could be catabolized to lactic acid b 3 '’ the spermatozoa. 

2. During storage the phospholipid content of semen decreased. The 
decrease occurred also in sperm .suspensions free of seminal fluids and here 
could be le.ssened In' the addition of glucose. The decrease in phospholipids 
paralleled the oxidative utilization of intracellular reserves for the main- 
tenance of motilit 3 '. 

3. The rate of respiration b 3 ’’ spermatozoa in the presence of glucose was 
much Ic.ss than the “endogenous” rate which indicated a preferential 
utilization of gb’cob'tic mechanisms as a means of obtaining energ 3 ' for 
motilit}'. 

From thc-'-e studies it is concluded that phospholipids are the .■=ourco of 
the intracellular reserve encrg\' of bull spermatozoa, that this energ 3 ' is ob- 
tained In’ oxirlafive proce.^ses, and that spermatozoa preferentialb' obtain 
the (‘nerg.y for motiIit 3 ’ from the gb'cobvsi.s of glucose or other gl 3 'cob'zable 
sugars. 

f!) UKt)f:N7, I.'. Hiochem. Zlfflir. 257: 231. 10.3.3. 
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The alveolar CO 2 tension has been shown to be higher in males than in 
females (4) (5), a finding confirmed by a corresponding difference in pCO^ 
of arterial blood (13). The aim of the present report is to determine the 
age at which the sex difference in the alveolar CO 2 tension first appears, 
the extent of the difference, and the possible explanation for it. 

Experiment.vl. Subjects. Determinations of the tension of CO 2 in 
the alveolar air were made on fifty normal boys and fifty normal girls from 
Oakland, California, school children. The children were first tested when 
they were between the ages of 11 and 12 years (mean 1 1.87 ; S.D. 0.5 year) 
and were re-tested at six-month intervals over a six-j’^ear peiiod. Dupli- 
cate observations on each subject under basal conditions were earned out 
on two successive days. After a fifteen-minute rest period in the .supine 
position, the first sample of alveolar air was collected at the end of expira- 
tion in the sampling valve described by Henderson and Morriss (8) and 
transferred immediately to gas sampling tubes over mercury. A second 
sample of alveolai- air was obtained in the same manner at the conclusion 
of a basal mctaljolism test. x\nal 3 -sis for CO 2 content was made in dupli- 
cate on a 10 cc. Haldane gas analysis apparatus. The CO 2 temsion was 
computed on the basis of the barometric pressure taken at the time the 
.<aini)le was obtained. The average of the two samples for each daj’ was 
comjjuted as well as the average of al! measurements for all subjects at 
each age l(!vel. 

Df'terminations of alveolar air PCO 2 were made in the same manner as 
described above on additional groups of .subjects as follows: 

Afloh: scent groups A and B. The.«e groups consisted of fifty normal boys 
(.•\) with a nu'an age of Iti.O dz 0.2 and fifty normal girls, with a mean age 


‘ in t!if pn-parntion of m.-iterial,'; wa.s furni.shcd by thn iJcr.Motnicl 

of '.Vfi.-k I'jojf'i’ts .tflininist ration Official Projects no. I.'nil .\-S, .ami 

j)o. f'nit A-S. 

'i'ii'- ci.upi-rraifin of the Oaklaml Public .‘^cbools in inakiiift .subjer'ts av.ailalilc ff)r 
'Ilf’ n'ic.n.rct! jj: cr.'itcniliy ricfavc.vlcditcd. Thruik.s an- dm; to Mr. 'J'ii(,'odf)ro (.’licrni- 
kcift f.ir !i;>' a- -Jvtatx'c in tt't*-' .aiinlv.Kcs. 
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of 16.0 ± 0.2, also from the Oakland schools. These children were selected 
on the same basis as the original group tested and differed onlj'- in that 
the}’- had never been subjected to the pltysiological testing program before, 
in contrast to the other children measured, who had been tested eight 
times previously by the time the}”^ had reached a similar age. 

Adult group. ]\'Ieasurements were made on a group of twent}' male stu- 
dents, vdth a mean age of 23.9 db 0.7 (range 20-26 yrs.) and fifteen female 
students with a mean age of 23.2 ± 0.7 (range 19-26). Values for al- 
veolar pCOo, under the same conditions, were obtained on twenty adult 
males, mean age 32.5 ±1.3 (range 27-43 jws.) and seventeen adult females, 

TABLE 1 


ReUabilily of pCOi determination in adolescents probable error of a single test {mm. Hg) 




AGE 

PROBABLE ERROR BASED ON 

TESTING 

DATE OF TESTS 

(Mn) 

2 tests — same day 

Test on 2 days 



Boys 

Girls 

Boys 

Girls 

Boys 

Girls 

I 

Spring ’33 

n 

11.9 

mm 

1.2 

1.4 

1.4 

11 

Fall ’33 


12.5 

mm 

1.6 

1.5 

1.6 

III 

Spring ’34 

12.9 

12.9 

■9 

— 

1.2 

1.3 

IV 

Fall ’34 

13.5 

13.6 

1.9 

1.7 

1.6 

1.7 

V 

Spring ’35 

14.0 

13.9 

— 

— 

.9 

1.5 

VI 

Fall ’35 

14.6 

14.5 

1.4 

1.6 

1.6 

1.8 

VII 

Spring ’36 

14.9 

14.9 

— 

— 

1.3 

1.5 

VIII 

Fall ’36 

15.5 

15.5 

1.9 

1.6 

1.9 

1.5 

IX 

Fall ’37 

16.5 

16.5 

1.7 

1.5 

1.5 

1.6 

X 

Fall ’38 

17.5 

17.4 

1.5 

1.6 

1.3 

■1.6 

I 

Adolescent groups 
A and B 

16.0 

16.0 

1.6 

1.6 

1.6 

1.4 


mean age 33.4 ± 1.2 (range 27-39 3 ’'rs.). The latter groups were chosen 
largely from staff members. 

Results. Reliability of measuremenU. Since two determinations of 
alveolar air were made on each of the two experimental days, it is possible 
to calculate the jirobable error of the determination^ based on either single 
observations on a given day or on the basis of the mean of two observa- 
tions made on different daj^s. The results of this analysis are shown in 
table 1. It is clear that the probable error for a single detennination of 

“ The formula used for this calculation was; 

P.E.i^ = [0.6745 — Vl — rn] (Garrett (6), p. 321) 

Where P.E.i„ is the probable error of the score; ci is the standard deviation of the 
distribution of the first test; o-o is the standard deviation of the distribution of the 
second test and rn is the coefficient of correlation between the tests. 
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alveolar CO 2 tension is about 1.5 mm. It also appears from this table 
that the error is slightly greater for girls than for boj^s. 

Age changes. From the average of detemiinations made on two daySj 
distributions were made at each age level. Class intervals were arranged 
so that the mid-points fell at 11.5, 12.0, 12.5, etc., years. Since the testing 
interval could not be maintained at exactly six months for each child 
throughout the study, the number of cases varies from 50 to 32 at each 
age category except for 11.5 3 ’’ears and 17.5 j^ears, where the number falls 
as low as 16. If two tests on the same child fell within the same age 


TABLE 2 

Age changes and sex differences in basal alveolar COt tension 


age 



ALVEOlAn pCOj 

— MM. Hk 



1 Males ] 

Females 

Difference 
Jfale — Fe- 
male 

S-D-diff, 

Mn diff. 

Mn 

S-D-Mn 

Mn 

S.D.jin 

S.D.Mndin. 

11.0 

40.5 i 

■El 

40.6 

0.64 

-0.1 

— 

0.1 

12.0 

41.0 


40.1 

0.36 

0.9 


1.5 

12.5 

41.4 


40.3 j 

0.3S 

1.1 

0.54 

2.0 

13.0 

42.5 

WSm 

39 .S ; 

0.42 

2.7 

0.53 

5.1 

13.0 

42.0 

0.33 

39.6 

0.37 

2.4 

0.49 

4.9 

14.0 

42.2 

0.35 

39.4 

0.47 

! 2.8 

0.58 

i 4.8 

14.5 

42.3 

0.37 

39.6 

0.41 

2.7 

0.55 

4.9 

15.0 

42.1 

0.41 

39.0 

0.41 

3.1 

0.58 

1 5.3 

15.5 

42.4 

0.41 

38.6 

0.52 

3.8 

0.66 

5.S 

10.0 

42.3 

0.58 

38.8 

0.43 

3.5 

0.72 

4.9 

16.5 

44.0 

0.34 

1 39.9 

0.49 

4.1 

0.60 

6.8 

17.0 

44.2 

0.42 

40.1 

0.51 

4.1 

0.66 

6.2 

17.5 

44.7 

i 

0.40 

40.4 

0.61 


0.73 

5.9 

16. 0» 

42.4 

0.42 

40.2 

0.60 


0.73 

3.0 

24.0 

43.0 

0.69 

41.6 

! 0.94 

1.4 

1.16 

1.2 

.33.0 

42.7 j 

0.84 

40.0 

^ 0.75 

2.7 

1.12 

2.4 


* Mean values for group of IG ycar-old children witliout previous test ex perience 


category' onh' one test (the one nearest the mid-point of that age category’) 
was tised in computing the age norms shown in table 2. The data shotv 
a statistically significant rise in alveolar CO 2 tension in boy's between the 
age„s of 11.5 and 17.5; no significant change in alveolar CO^ tension in 
girls was obsen-ed over the same age range (M). 

lielnliomhip hdwem alveolar pCOz and body size. The surface area for 
each .‘subject was computed from height and weight by' the Du Bois for- 
mula (.3). Each pCO; vahu! was then divided by’ the .surface area and 
mean v.-tlues for eacli age interval were calculated as before. The results 
are shown in table 3 from which it may’ be .‘•een that with such an adju.st- 
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mcnt for bodj' size the values of alveolar pC 02 per square meter of surface 
area for males and' females are not significant!}’- different beyond the age 
of 15 years. 

A similar anal 3 ^sis was made in which the ah’-eolar pCOo was divided 
b}'- body height. This adjustment for size also re.sulted in similar values 
for males and females (pCOo in mm.Hg per cm. height). 

TABLE 3 

Age changes and sex differences in basal alveolar C0« tension adjusted for body size 


alveolar pCOj — MM. Hg PER SQ. M. SURFACE AREA 


AGE 

YEARS 

Males 

Females 

L 

Difference 
Male — Fe- 
male 

S-D.diff. 

Mn diff. 

Mil 

S - D.jin 

Mn 

S . D.jin 

S . D.jin diff. 

11.5 

33.3 

■El 

31.3 

1.00 

2.0 


1.6 

12.0 

32.5 


.30.2 

0.58 

2.3 


2.8 

12.5 

31.8 

■n 

29.4 

0.50 

2.4 

0.71 

3.4 

13.0 

31.6 

0.49 

28.2 

0.46 

3.4 

0.67 

5.1 

13.5 

29.6 

0.48 

27.1 

0.41 

2.5 

0.63 

4.0 

14.0 

28.6 

0.47 

26.1 

0.44 

2.5 

0.64 

3.9 

14.5 

27.6 

0.45 

25.7 

0.34 

1.9 

0.57 

3.3 

15.0 

26.4 

0.45 

25.1 

0.36 

1.3 

0.58 

2.2 

15.5 

25.8 

0.41 

25.0 

0.35 

0.8 

0.54 

1.5 

16.0 

24.8 

0.45 

24.6 

0.37 

0.2 

0.58 

0.3 

16.5 

25.3 

0.35 

25.4 

0.38 

-0.1 

0.52 

0.2 

17.0 

25.0 

0.37 

24.8 

0.39 

0.2 

0.54 

0.4 

17.5 

24.7 

0.45 

25.6 

0.57 

-0.9 

0.73 

1.2 

24.0 

23.8 

0.59 

26.1 

0.79 

-2.3 

1.03 

2.2 

33.0 

23.9 

0.74 

24.4 

0.51 

0.5 

0.90 

0.6 


TABLE 4 

Correlation of body size and alveolar pCO^ 


MEASURE OF SIZE 

AGE lG.5-17.5 TEARS 


Boys and girls 

Boys 

Girls 

1 

Height 

0.57 ± 0.05 

0.21 ± 0.11 

0.07 ± 0.11 
0.13 ± 0.10 

Weight 

0.33 ± 0.07 

-0.06 ± 0.11 

Surface area 

0.47 ± 0.06 

0.07 ± 0.10 

0.10 ± 0.11 
0.12 ± 0.10 

Stem length 

0.47 ± 0.06 

0.07 ± 0.10 



Discussion. Our results on repeated tests indicate an error of measure- 
ment of ±1.5 mm.Hg in alveolar COo tension. Since the error is of the 
same order of magnitude for tests made at half-hour intervals or one day 
intervals, this degree of error is attributed to the method of obtaining 
alveolar air samples. Cordero (2) reported a somewhat ■ greater varia- 
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bility (±1. 5-2.2 mm.) in alveolar air samples taken at three-minute in- 
tervals, as did Haldane (7) working Avith a trained subject. 

The age trend in alveolar CO2 tension AA'hich we have found in boj’s 
is not in agreement AA-ith previous reports by iMori (10) and Robinson (11). 
HoAvever, the number of cases studied 133’' these investigators at each age 
leA'el Avas small (3-12 cases per 3-3u-.-age group) and none of the subjects 
AA'as retested OA’^er a period of time. 

IMarriott (9) states that “In infants, the (alveolar) tension of CO2 is 
from 3 to 5 mm. lower than adults,” but no data are given. Dail}^ ob- 
serA’ations of ah'eolar CO 2 tension OA'^er a tAvo-A'ear period Avere reported 
on the same subject when he Avas 40 3'ears of age and again Avhen he AA'as 
50 A-^ears old b3’- Shoji (15) and Sasaki (12). In this Jai^anese subject the 
aA'erage PCO2 at the age of 40 3’^eais Avas 36.2 mm. AA'hile comparable de- 
teiTTiinations made ten 3'eais later gaA’^e an aA’erage A^alue of 42.2 mm. 
Benedict and Root (1) reported ah-eolar PCO2 of 46 mm. in a single male, 
aged 91 A^ears. Some evidence for an increase in ah'^eolar pC02 with in- 
creasing age is found in the obseiwations of Fitzgerald and Haldane (5), 
since the average PCO2 in a group of sixteen bo3’s (ages 8.5-14) A\'as 37.2 
mm., Avhile that for a group of tAA’ent3^-seven males (ages 21-48) AA-as 39.2 
mm. Similar differences are repoi'ted for a group of females. In our ob- 
servations a significant age trend in PCO2 of alveolar air is found in bo3's, 
irrespective of anA' adjustment for size. In the case of girls, an age trend 
is found onl\" AA'hen the values of CO2 tension are adjusted for size (see 
table 3). 

Evidence for a sex difference in the aA’^erage Amiues for ah'eolar CO2 
tension is based on the findings of Fitzgerald and Haldane (5), Avho found 
aA'erage A'alues of 39.2 mm.Hg for a group of 27 males and 36.2 mm.Hg 
in a group of 32 females. Similar sex differences Avere rejjorted 133’^ Fitz- 
gerald (4) on individuals liAung at higher altitudes aboA'e sea level. Our 
results shoAA' that a significant sex difference in ah'eolar CO2 tension fimt 
appeal's at the age of 13 3'ears. It has also been shoAA'n that AA'hen adjust- 
ment for bod3' size is made, the sex difference disappear after the age 
of 15, although it is significant betAA'cen the ages of 12.5 and 14.5 3'eai‘s. 

Our observations sIioav that AA'hen ah'eolar CO2 tension is divided b}' 
the surface area of the indhddual, mean A'alues for the tAA'o se.xes are the 
same in adults. If this finding is taken at its face value avc might assume 
that the “.<ex” difference is in reality nothing more than a “size” difference. 
If this is true, then large individuals of either sex .should sIioaa' higher 
alveolar PCO2 values than smaller individuals of the same .sex. In order 
to test this hA'pothe.si.s further, the correlation betAvecn A'aiious measures 
of size (height. Aveight, .surface area, stem length) and the ah'eolar pCOa 
Av;js computed for each .sex separntelA'. The results are shoAvn in table 4. 
Since the correlations do not differ significantlA* from zero for aiiA- of the 
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measures when the sexes are considered separatel}^, we cannot demon- 
strate that vithin a sex group of the present sample the alveolar pC 02 
is related to size. Examination of the correlation plots shows that the 
low correlations obtained may be due to the restricted range of values for 
size measurements which results when such a homogeneous group is con- 
sidered. Before concluding that no relationship exists lietween size and 
alveolar pCOo in a given sex, it will be necessaiy to make measurements 
on veiy large and ver}’- small adults of the same sex. 

Summary. Determinations of the CO 2 tension of alveolar air sampled 
b}'^ the Haldane-Priestle}^ technique have been made in a group of fiftj’- 
girls and fifty boj’-s. Two tests were made under basal conditions on each 
of two successive days. Deteiminations were made at six-month intervals 
on each child between the ages of 11.5 and 17.5 years. Average values 
for boj’^s and girls were computed for each age level. No significant age 
deviations from 39 to 40 mm. in CO 2 tension were found in girls. In boj'^s, 
the average alveolar pC02 increased from 40.0 mm. at 11.5 to 44.5 mm. at 
17.5 j’-ears. When an adjustment for body size (height or surface area) 
was apphed to measurements of pC 02 the sex difference disappeared be- 
yond the age of 15 years. Within a given sex no correlation between 
size as measured b}'- height, weight, surface area, or stem length could be 
demonstrated. 


CONCLUSIONS 

1. The alveolar CO 2 tension of adult males is significantlj’" higher than 
that of adult females. 

2. This sex difference first liecomes statistical!}" significant at the age 
of 13 years. 

3. This difference in alveolar CO 2 tension of males and females disap- 
pears (in adults) if the alveolar CO 2 tension for each subject is divided by 
height or surface area. 

4. Within a given sex, no significant correlation between bod}" size and 
alveolar CO 2 tension was found in the present series of observations. 

5. Possible explanation for the sex difference must lie in physiological 
charactei’istics not present before the age of 13 years. 
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A roentgenogram of a normal rat’s skull reveals a mosaic pattern (1) 
most marked in the occipital bone and extending less well developed along 
the mid sagittal suture in the parietal and frontal bones. To a still less 
extent this configuration maj’’ be seen in other parts of the parietal and 
frontal bones. The normal pattern has been described bj’- Patras (2) 
as having the appearance of “a calcified network the interstices of which 
are much less dense.” 

Thju'oparathju'oidectom}’^ at an earlj’- age is followed by a disturbance in 
the normal mosaic pattern of the skull bone (3) which has been described 
as obscured by a decrease in the density of the network. 

Oral thyroid therapj^ (0.02 per cent in the diet) following thyroparathj’’- 
roidectom}^ although capable of producing marked stimulating effects on 
the growth curve and skeletal size has been found to have no significant 
influence toward restoring the normal mosaic pattern (3) of the skull bone. 
This quantity of thju-oid though adequate in some respects, may have been 
inadequate in quantity to alter the details of the configuration. We have 
therefore studied the effect of 0.05 per cent of desiccated thyroid, pre- 
liminaiy studies having shown that this concentration, administered over 
a period of 200 days, is well tolerated by rats. The animals (17 females) 
used for this studj" were taken from the Loyola colony which is maintained 
on a diet of Fox Chow' ad libitum with bread and meat twice weekty. The 
rats were weaned at the age of 21 days and tlywoparathyroidectomized at 
the age of 50 to 53 days. Immediate^ after the operation thej^ were given 
a diet which consisted of Fox Chow 99.95 per cent and 0.05 per cent desic- 
cated thju-oid. Thej^ received this diet thoughout the course of the ex- 
periment which lasted 220 daj's. At the close of the experiment the ani- 
mals were killed AAdth ether and the skull bones removed (2) for x-ray 
study. 

A study of the roentgenograms (fig. 1) showed a significant increase in 
the density of all the skull bones but the blurred condition which obscures 
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the noi-mal mosaic pattern follo'SA'ing th3u-oparathyroidectomy remained. 
These results tend to confirm the suggestion made 63^ Patras and Wakerlin 
( 3 ) that th3'-roid feeding is capable of increasing the densit3’^ b3" a mechanism 
which pei-mits calcification AATthout maintaining the details of the nonnal 
pattern. 

Since oral th3’-roid therap3^ to the extent of 0.05 per cent in the diet 
failed to exert an influence toward restoiing the nonnal mosaic configura- 
tion of the skull, it seemed advisable to stud3’- other methods of altering 
calcium metabolism. It is obvious from the nature of the operation that 
the parath3U’oids ma3’’ be involved. Since calcium therap3'' is known to 
control man3'' of the parath3U’oid deficienc3’’ S3’mptoms it seemed reasonable 
to anticipate that this procedure might restore the normal pattern to the 
skull bone of th3’i'oparath3U’oidectomized rats. At least in conjunction 
with desiccated th3U'oid, calcium therap3’^ might be found beneficial. 



Fig. 1. Skull bones. A, normal rat. B, thyroparatbj'roidcctomizcd rat. C, 
thyroparathj'roidectomizcd rat receiving thyroid therapy. D, thj’roparathyroid- 
cctomized rat receiving added calcium but no thyroid in diet. E, thyroparathyroid- 
cctomizcd rat receiving both calcium and thyroid in diet. 

A diet consisting solcl3' of Fox Chow has been found adequate to main- 
tain a colon3' of rats in a good state of health and reproduction for an in- 
definite time. The serum calcium and phosphorus of norma! rats on this 
diet was found 63' Tweed 3' and associates ( 4 , 5) to average appro.vimatefv 
11 and 5 mgm. per cent respectivel3L These figures are comparable to 
those commonh' given as representing the calcium and phosphorus con- 
tent of nonnal blood serum. Following tln’ropamtlnu-oidectomy the 
normal ealcium-phosphonis balance is not maintained on this diet. An 
average senim calcium and phosphorus of approximatcl3’ 6 and 9 mgm. 
per cent resi)ectivelv has been found following th3U-oparathyroidectom3' 
(G) unless the diet is changed to one high in calcium and low in phosphorus. 
I’his inabiUt\' of the thvroparatln'roklectomized rat to maintain a noimal 
caleium-phos[)honis ratio in the blood on a Fox Chow diet may account, 
for the blurring of the mosaic ))atteni in the .skull bones. .Another possi- 
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is that there is a function of the thyroid, concerned with certain 
details of bone structure, not obtained through substitution therap}’- with 
desiccated thj'-roid. Finallj’- the parathyroids may be involved either 
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Vim. 

mgm. 

I 

Fox Chow 

76 

1 

27.8 

347.7 

III 

Fox Chow 

77 

1 

33.5 

602.6 

M* 

99 and 


2 

27.3 

308.2 

M 

98.98. 

89 

1 

31.6 

563.5 


CaCOj 1 

SS 

1 

27.6 

353.7 


CaCOj 


2 

33.0 

592.4 




2 

29.1 

485.1 


1.00. 


3 

35.0 

773.6 




3 

26.3 

312.0 


Des. 


4 

33.2 

673.6 




4 

26.0 

306.4 


ThjToid 


5 

33.0 

652.8 




5 

26.8 

305.8 


0.02 


6 

33.0 

684.2 




G 

28.0 

358.1 





33.7 

602.2 




H 

28.3 

378.7 





33.7 

706.8 





27.9 

361.0 





32.6 

565.4 



93 

H 

26.4 

309.0 




10 

34.5 

717.5 




Q 

29.3 

423.2 



92 

1 

34.0 

743.3 



99 

n 

28.0 

347.9 




2 

35.2 

818.4 




2 

31.6 

489.8 




3 

34.8 

610.0 




3 

27.3 

345.7 



98 


33.7 

618.2 




4 

27.9 

306.0 





32.8 

498.5 



102 

1 

31.7 

487.0 



103 


33.5 

591.6 




2 

27.8 

300.9 




2 

33.7 

602.6 




3 

26.4 

296.6 




3 

33.0 

669.9 




4 

27.8 

338.8 




4 

82.7 

519.2 

Average 

27.9 ±0.2 

357.9 ±3.0 


33.5 ±0.004 

635.3 ±12.4 

II 

Same as 

84a 

1 

26.8 

331.4 

IV 

Same as 

853 

1 

29.2 

408.6 

F 

above 


2 

31.2 

421.4 

F 

above 


2 

29.3 

400.0 




3 

26.1 

310.8 




3 

29.9 

406.7 
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25.6 

266.6 
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28.6 

392.1 
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27.7 

353.0 
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29.0 

427.5 
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24.8 

253.0 




2 

31.0 

491.7 




4 

26.6 

331.4 




3 

30.8 

419.8 



104a 

1 

26.9 

323.9 




4 

28.9 

431.0 
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1 

26.4 

328.9 
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1 

29.5 

422.8 




2 

27.8 

360.4 







Average 

26.8 ±0.2 

323.9 ±2.1 


29.6 ±0.03 

422.8±4.1 


• M, male; F, female. 


directly, through their influence on the calcium-phosphorus ratio of the 
blood, or through some undescribed mechanism dealing with certain de- 
tails of bone pattern. 

To study the hypothesis that calcium therap}'^ in conjunction with 
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desiccated thj’^roid might contribute to the restoration of the normal mosaic 
pattern in thjToparathyroidectomized animals, 69 albino rats from the 
same colonj^ and treated as previously described were operated between 
the ages of 26 and 31 days. Follovdng the operation litteimates of the 
same sex and as near the same Aveight as practical AA'ere dmded into 4 
groups. Groups 1 and 2 (20 males and 15 females respectiA'eh'') received 
a diet consisting of 99 per cent Fox ChoAv and 1 per cent calcium carbonate. 
Groups 3 and 4 (20 males and 14 females respectix^ely) received a diet 
consisting of 98.98 per cent Fox Chow', 1 per cent calcium carbonate and 
0.02 per cent desiccated thAu-oid. All animals AA'ere kept on their respective 
diets for 184 days dui'ing AA'hich time they AA’ere Aveighed at AA’cekb’ intervals. 
On the 184th day the animals Avere killed AAuth ether. The skull bones and 
left femurs Avere remoA'^ed and cleaned for stud}’. 

The importance of thj'roid therap}’ folloAA’ing th 3 ’roparath 3 ’roidectom 3 ’ 
is demonstrated in the post operative AA’eight curves (fig. 2). A significant 



Fig. 2. Weight curves of thyroparathyroidectomized rats. 

Group 1, male rats receiving calcium and thyroid in diet. Group 2, female rats 
receiving calcium and thyroid in diet. Group 3, male rats receiving calcium with no 
thyroid in diet. Group 4, female rats receiving calcium with no thj'roid in diet. 

difference in the Aveight curves faA’oring the groups Avhich received th3’roid 
Avas indicated Ija’ the second post-operatiA’e Aveek. This difference con- 
tinued at an increasing rate through the succeeding 12 to 14 AA’eeks, after 
AA’hich it remained approximate!}’ constant. It is notable that the tliA’roid 
therap}' seemed to be more beneficial to the males than to the females. 

Mca.surement.s of the femuis (table 1) folloAA’ing their removal shoAved a 
significant difference in length faA'oring the groups Avhich received th3'roid. 
An average femur length of 27.9 ± 0.2 and 26.8 ± 0.2 mm. Avas found for 
the males and females re.spcctiA’el3' Avhich did not receive desiccated tliAU'oid 
in th<! diet. An aA’crage femur length of 33.5 rb 0.001 and 29.6 dr 0.03 
mm. was found for the males and females respective!}' in the groups which 
receivwi f hyroid. From the.so measurements it Avas found that the average 
!r*ngth of femuis taken from the male animals AA'as increased 20 per cent 
by thyroid therapy AA’hile the average length of femurs taken from the 
females Avas increascfl only 10 per cent by thyroid. 
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The weights of the femurs (table 1) which were obtained after 2 months 
of diying at room temperature presented an even more significant differ- 
ence than the lengths displayed. The average weight of femurs taken 
from the animals which did not receive thju'oid was 357.9 ± 3.0 and 
323.9 ±2.1 mgm. respective!}^ for the males and females while the average 
weight of the femurs from the groups receiving thyroid was 635.3 ± 12.4 
and 422.8 ±4.1 mgm. for the males and females respective!}'-. Thus it 
was found that the weight of the average femur in the case of the male 
animals was 77 per cent hea^der where thyroid therapy was used while in 
the case of the females the average femur was only 30.5 per cent heavier 



Fig. 3. X-raj'- pictures of femurs of thyroparathyroidectomized rats. 

A, femur of male rat receiving no thyroid. B, femur of male rat receiving 0.02 
per cent desiecated thj'roid in diet. C, femur of female rat receiving no thyroid. 
D, femur of female rat receiving 0.02 per cent desiccated th 3 'roid in diet. 


in the thyroid fed group. The density and the diameter of the femurs 
(fig. 3) were considerably greater in the groups receiving thyroid therapy. 

Roentgenograms of the skull bones (fig. 1) revealed a blurring of the 
mosaic pattern pre's'^iously described (1) as following thyroparathyroid- 
ectomy. No significant difference could be seen between the detailed 
configuration of the skull bones of the two groups, except for an increase in 
density in the groups receiving thyroid therapy. 

From these data it is evident that the addition of calcium carbonate to 
the extent of 1 per cent to a diet already containing 1.36 per cent calcium, 
even in association with tluToid therapy, exerts no visible influence tow'ard 
restoring the clarity of the mosaic configuration in the skull bones of thyro- 
parathyroideetomized rats. The addition of the above quantity of calcium 
to Fox Chow' raised the calcium-phosphorus ratio from approximately 
1.4:1 to a ratio of approximately 1.8:1. 
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Since calcium tlierap 3 ’’, alone or combined Math thyroid, fails to restore 
the normal mosaic pattern of th 3 '-roparath 3 u-oidectomized rats the question 
of parath 3 Toid therap 3 ’' becomes most important. 

SUMMARY 

1. Administration of 0.05 per cent desiccated th 3 u-oid in a Fox ChoM' diet 
Avas of no more value than that of 0.02 per cent in restoring the mosaic 
configuration of the skull bones of th 3 U-oparath 3 u-oidectomized rats; the 
bone densit 3 ", hoAvever, w’as greatl 3 ’- increased in the first case. 

2. Raising the calcium-phosphorus ratio in a diet of Fox Chov- from 
1.4:1 to a ratio of 1.8:1 b 3 ’' the addition of 1 per cent calcium carbonate 
exerted no significant effect on tlie mosaic pattern in the skull bones of 
th3Toparath3Toidectomized rate. 

3. Th 3 'roid therap 3 '’ (0.02 per cent desiccated th 3 u-oid in the diet) in 
association vith calcium therap 3 ’^ (Fox Chov^ fortified b 3 " 1 per cent calcium 
carbonate) did not lessen the bluriing of the mosaic configuration in the 
skull bones of th 3 u-oparath 3 U‘oidectomized rate. 

4. A beneficial effect from th 3 'roid feeding was noticeable in tlie groAvth 
curve and the length of the femurs of th 3 u-oparath 3 a-oidcctomized rats on 
a Fox Chow diet containing an additional 1 per cent calcium carbonate. 

5. The densit 3 ' of skull bones and femurs of th 3 Toparath 3 Toidectomized 
rats on a diet of Fox Chow fortified v'ith 1 per cent calcium carbonate v'as 
increased b 3 ’' the addition of desiccated th 3 'roid (0.02 per cent) to the diet. 
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Of the various theories suggested for the etiology of surgical shock, one 
which has received a considerable amount of attention is the possible 
liberation of histamine or some closel}'’ related substance from the tissues 
following trauma. The fact that histamine may be extracted from most 
tissues and the similarity of the changes produced by large doses of his- 
tamine to those associated with traumatic shock has supported the idea 
that a histamine-like substance may be the causative factor in shock. 
Histamine has an advantage over many experimental surgical methods for 
producing shock, since it can be injected in graded doses, and strictly 
comparable studies conducted. In the experiments to be reported, rats 
have been treated with histamine. Although this species can tolerate 
relatively enormous doses of histamine, it is especially suitable for studying 
the effects of hypoph 3 '^sectoniy and adrenalectom}''. Furtheimore, the 
rat has been frequentlj'- used in assa}' tests for adrenal extracts and cortico- 
trophic hormone. Comparative studies, therefore, have been made on 
the toxicity of histamine and the effects on blood volume, as indicated by 
the hemoglobin changes in noiinal animals, and in those follovang removal 
of the adrenals or pituitaiy gland. The effect of treatment \vith desoxj^- 
corticosterone has been determined in adrenalectomised and hj'^pophj'^sec- 
tomised animals, and with corticotrophic hormone in h 3 '■poph 3 ^sectomised 
rats. 

Methods. In most cases adult rats (150 to 200 grams) of a hooded 
strain maintained in the laboratoiy have been used. Hypopltysectom^' 
or adrenalectomy was performed under ether anesthesia and animals sub- 
jected to the latter operation M^ere maintained on 0.9 per cent NaCl in- 
stead of drinking water, except where noted. In control experiments 
approximately 90 per cent of rats of this strain die within 21 daj’-s follomng 
adrenalectomy without salt treatment. The diet consisted of Purina 
Fox chow. Histamine dihj'^drochloi’ide in a 5 per cent solution was given 
as a single subcutaneous injection. Doses were calculated in terms of bod}’' 
weight and are expressed as the dihydrochloride and not the free base. 
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Hemoglobin determinations were made on 0.2 cc. of blood drawn from the 
tail and measured by an Evel 3 m electric photo-colorimeter. The results 
are expressed as a percentage of the control value which was obtained for 
each animal — the control value is also given as grams per cent (calculated 
as for human blood). The corticotrophic extracts were administered bj'^ 
subcutaneous dailj’- injections. Desoxj^corticosterone acetate was in- 
jected in a solution of corn oil or made into hard pellets which were im- 
planted into the subcutaneous tissues. In one experiment ciystals were 
similarlj" implanted. 

The corticotrophic extracts used were weak acid h 3 ’-drol.vsates of whole 
pituitaries of cattle partl 3 '’ detoxified b 3 '' treatment with 1 per cent am- 
monia on a boiling water bath for one hour. The ammonia was removed 
b 3 '^ vacuum distillation. '\''er 3 '’ little success has been had as 3 'et in frac- 
tionating these into acti\m and inactive fractions. The corticotrophic 
potenc 3 ' of different extracts has been related more directl 3 ^ to the total 
solid content than to an 3 ^ other factor. 

Results. Toxicity of histamine in normal, adrenalcctomiscd and 
hijpoplujseclomised rats. The animals used in tbese experiments were 
h 3 ’poph 3 ".sectomised from 14 to 16 da 3 ’S prcviousl 3 ’ and were in good general 
conditioji. The adrenalectomised rats had been operated on from 6 to 8 
da 3 's previoush^, and were maintained on 0.9 per ednt NaCl. From table 
1 it may be seem that normal rats were so markedl 3 ’- resistant, to large 
.subcutaneous closes of histamine that even the largest do.se te.sted (1,500 
mgm. per kgm.) did not kill the animals. Following h 3 '^popliysectom 3 ’’ the 
rats became more susceptible, and a dose of 200 mgm. of histamine per 
kgm. caused some mortality, while 650 mgm. per kgm. produced death in 
85 per cent of the animals. In sub-sequent experiments to attempt to 
increase the resistance against histamine, 650 mgm. per kgm. has been 
used as the tast dose. Adrenalectomised rats maintained on saline were 
also more .susceptible to histamine, probab] 3 ’- slighth- more so than 
h 3 'poph 3 'scctomised animals. 

Toxicity of histamine in treated hypophyseclomised rats. Starting im- 
mediateh' following h 3 'poph 3 ’’sectom 3 ', groups of female rats were treated 
with three different corticotrophic extracts. After 14 to 10 da 3 ^s they 
received 650 mgm. per kgm. of histamine, ly subcutaneous injection, a 
dose corresponding to that which killed 85 per cent of untreated h 3 'poph 3 '- 
scctomiscd animals. Another group of animals received ciystals of dc.sox.v- 
corticost crone implanted into the subcutaneous tis.sue at time of 
lypophy-scclom}', and a third group received subcutaneous injections of 
deso.xycorticosterone in oil for 14 da 3 *s. These results ma\' be .seen in 
table 2. Of the corticotrophic e.xtracts used, no. 278 produced tlu; greatest 
adrenal enlargement (avenige weight of adrenals = 42.5 mgm.) and com- 
pleteh' protected the animals against the te.sf. dose of histamine. The 
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other less active extracts possibly afforded slight protection. The desoxj’-- 
corticosterone showed no effect. The crystals which were implanted 
apparently dissolved rapidlj" so that after 15 daJ^s only traces of them could 
be found. 


TABLE 1 


Toxicity of histamine in normal, hypoplujsectomised and adrenaleclomised rats 


NUMBER 
OF RATS 

CONDITION 

DOSE HISTA^rINE 
DIIIYDROCHLORIDE 

ItORTALITV 

IN 4S HOURS 

average 

1 TIME OF 

DEATH AFTER 
HISTAMINE 

1 

6 

Normal 

mgm. rper J:gm. 

650 

per cent 

0 

1 

' hours 

4 

Normal 

1,000-1,200 

0 


2 

Normal 

1,500 

0 


2 

Hypophyseetomised 

50 

0 


8 

Hypophyseetomised 

200 

12.5 


5 

Hypophyseetomised 

500 

40.0 

36 

21 

Hj'pophysectomised 

650 

85.7 

20 

6 

Adrenalectomised 

200 

33.3 


8 

Adrenalectomised 

500 

62.5 

17 

11 

.Adrenalectomised 

« 

650 

90.9 

7.4 


TABLE 2 


Toxicity of hista7nine on treated hypophyseetomised rats 


NUM- 
BER OF 
RATS 

COBTICOTROPHIC EXTRACT 
NUMBER 

i 

DAILY 

DOSE 

DOSE 

HISTAMINE 

DIHYDRO- 

CHLORIDE 

MORTALITY 

AVERAGE 
TIME DEATH 
AFTER 
HISTAAUNE 

adrenals^ 

AVERAGE 

"WEIGHT 



mi 

mgtn, per 
kgm. 

per cent 

hours 

mg Vis 

6 

331 


650 

66 

37 

22.5 

4 

215 

1 

650 

50 

26 

25.0 

5 

278 

1 

650 

0 


42.5 


DESOXYCORTICOSTERONE 

(totai, 

dose) 







rngin* 





5 

Subcutaneous crystals 

5-10 

m&m 

100 

34 

13 

6 

In oil 

1 


100 

28.3 



Toxicity of histamine in treated adrenalectomised rats. Immediateh" 
after adrenalectomy pellets of desox 3 ^corticosterone of from 5 to 8 mgm. in 
weight were implanted into the subcutaneous tissue. In one group of rats 
life was maintained even though the}’" did not receive saline to drink. The 
other group had sahne to drink in addition to the pellets. All received 
histamine after 12 to 14 daj'-s of treatment. 
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It maj’- be seen from table 3 that desoxj'corticosterone markedly raised 
the resistance in some animals when compared with the figures obtained 
for untreated adrenalectomised rate. It appeared that the animals which 
showed the greatest weight gain after adrenalectomj^ were more resistant 
to histamine than those which failed to gain Aveight normalh^ 

Hemoglobin values after histamine in normal, hypophysectomised and 
adrenalectomised rats. Hemoglobin determinations haA’^e been made on 
many of the aboA’e animals to give some indication of the changes occurring 
in the blood A'olume. In one experiment AA’ith normal rats the al^sorption 
of the histamine aa-rs prolonged by administering it in a 2 per cent solution 
of zinc acetate (1). No mortality Avas encountered folloAA-ing this pro- 
cedure, but the effects on hemoglobin are included in table 4. Onty a feA\" 
isolated observations AA'ere made on the adrenalectomised animals. 

These results indicate that in noi’mal rats the concentration of hemo- 
globin is maximal A'^ery shortl}' folloAA'ing the injection of histamine, usually 

TABLE 3 


Toxicity of histamine in treated adrenalectomised rats 


>’UMnER OF , 
RATS 

NaQ 

TO DRIKK 

AT 1 

OPERATIOK 

1 

BODY 

WEIGHT 

CIIAKCB 

DOSE 

HISTAMINE 

DinYDRO- 

CHLOniDE 

MORTALITY, 
4S HOTTRS 

average 
TIME PEATH 
AFTER 
HISTAMINE 



{/rat/ts 

(/rams 

mpm. perl-gm. 

per cent 

hours 

3 

No 


+47 

750 

0 


3 

No 


+22 

650 



4 i 

Yes 

■■ 

+23 

650 

■■ 

mSM 


in 30 minutes, and in some animals AAliere determinations AA’ere made, as 
early as 1 5 minutes. FolloAring this the hemoglobin returns gradnall.y to 
noimal, but Arith the larger dose of histamine it may still be raised after 
6 hours. Values beloAA- normal usually are found at a still later period. 
FolloAA’ing a histamine dose of 1500 mgm. per kgm. a rapid fall in hemo- 
globin occurred folloAving the iiiitial rise. In the experiment where the 
absorption of the histamine Avas retarded a gradual increase in hemoglobin 
A'alues continued up to 6 houi's, differing markedly from the effects of a 
.‘similar dose of histamine alone, but Avith no change in mortality. Ib 
hypo])hysectomiscd animals the changes in hemoglobin A-alues are essen- 
tially similar to those found for nonnals, except that even Avilh .‘^mail doses 
of histamine the increased hemoglobin A’alues usualh’^ continue for at least 
6 hours. In adrcnaleetomised animals some extremely liigh values Avcrc 
noted. 

Ilrmaglohin values in treated hypophy.'^ee.kmmcd rats. Hemoglobin 
determination.s Avere made on the hypo])hyseetomised rats treated Avifh 
cortirotrophic extracts and Avitli deso.xAToriifrosterone as previously 
dfvcril>cd. These results may be s:een in table .5. In these animals it 
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TABLE 4 


Hemoglobin values in untreated normal, hypophysectomised and adrenalectomised rats 


NUM- 

BER 

CONDITION 

DOSE 

IIISTA*MINE 

GRAMS 

HEMOGLOBIN 
PER 100 CC. 

c. 

PERCENTAGE HEMOGLOBIN 

OF 

RATS 

DimrDRo- 

CHLORIDE 

C. 

i hour 

1 1 hour 

1 

2 hours 

4 hours 

6 hours 

24 hours 



vigm, per 
kgm. 




1 

■ 




'6 

Normal 

650 

17.27(16.39) 

100 

114(106) 

109 (98) 


98 (90) 

97 (90); 

95 (88) 




(18.76) 


(125) 

(119) 

IH 

(104) 

(101) 

(100) 

2 

Normal 

650 

1 

14.89(14.70) 

100 

108(107) 

107(107) 

108(107) 

114(113) 

116(114) 

94 (93) 



(retarded) 

(15.08) 


(109) 

(107); 

(109) 

(115) 

(118) 

(95) 

4 

Normal 

1000-1200 

13.55(12.62) 

100 

125(121) 

121(116) 

112(102) 

109(106) 

104(100) 

92 (87) 




(14.30) 1 


(129) 

(136) 

(125) 

(HO) 

(109) 

(78) 

2 

Normal 

1500 

13.92(13.35) 

100 

113(112) 

104(101) 

96 (84) 

98 (94) 

100 (97) 

84 (78) 




(14.50) 


(114) 

(107) 

(108) 

(102) 

(103) 

(90) 

2 

Hypophy- | 

50 

17.31(16.15) 

100 

108(107) 

105(102) 

108(100) 

104 (99) 

104(100) 

92 (90) 


secto- 

mised 


(18.48) 


(109) 

(108) 

(110) 

(109) 

(108) 

(94) 

4 

Hypophy- 

200 

17.09(15.83) 

100 

119(118) 

114(112) 

113(108) 

108(103) 

102 (99) 

96 (92) 


secto- 

mised 

1 

(19.08) 


(119) 

(116) 

(116) 

(112) 

(105) 

(100) 

10 

Hypophy- 

650 

15.00(12.08) 

100 

124(111) 

120(108) 


112(103) 

115(111) 

114(107) 


secto- 

mised 


(19.66) 

i 

(140) 

(139) 

i 

(129) 

(124) 

(130) 

(121) 

2 

Adrenaleo- 

500 

13.93(13.74) 

100, 

124(120) 

117(112) 


113(109) 

112(105) 

86 (85) 


tomised 


(14.12) 


(129) 

(122)1 

(117) 

(117) 

(120) 

(87) 

2 

Adrenaleo- 

050 

13.49(13.16) 

100 

148(144) 

142(136) 

133(127) 

122(122) 




tomised 


(13.82) 


(152) 

(149)j 






TABLE 5 


Hemoglobin values in treated hypophysectomised rats 


NUM- 

BER 

OP 

RATS 

TREATED 

EXTRACT 

DOSE 

HISTA- 

MINE 

DIHY- 

DRO- 

CHLO- 

RIDE 

1 

GRAMS 
HEilO- 
GLOBIN 
PER 100 CC, 
C, 

PERCENTAGE HEMOGLOBIN 

t: 

< 

g 

o 

C, 

J hour 

1 1 hour 

2 

hours 

4 

hours 

6 

hours 

24 

hours 



‘nwm./ 









per 



kgm. 









cent 

6 

Corticotrophio 


13.16(11.25) 

100 

117(108) 

114(108) 


116(111) 

112(105) 


60 


331 


(14.89) 


(124) 

(120) 

(116) 

(122) 

(117) 



4 

Cortiootrophic 

650 

15.37(13.35) 

100 

116(106) 

115(103) 

116(113) 


118(105) 

113(111) 

50 


215 


(17.31) 


(126) 

1 (120) 

(119) 

(122) 

(124) 

(116) 


5 

Corticotrophio 

050 


100 

114(108) 



105(101) 

102 (98)^ 

98 (94) 

0 
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(122) 

(116) 

m 

(114) 

(lOS) 



5 

Desoxycorti- 

050 

14.29(12.08) 

100 

121(117) 



116(107) 

114(109) 

117(113) 

100 


costerono — 


(15.83) 


(126) 

(125) 

(123) 

(123) 

(116) 

(126) 



crystals 











6 

Desoxycorti- 

050 

15.95(13.54) 

! 

1 



i 

1 


100 


costerone — oil 


(17.31) 
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maj’- be seen that the hemoglobin values remained high up to 6 liours in the 
iastances where little or no protection was afforded by the treatment. 
Howm^er, in the group of rats completeh’- protected, the liemoglobin ■v'alues, 
following the initial increase, returned rapidl.y to normal in a fashion similar 
to that found to occur in normal intact rats. 

Effect of hisiammc on Jlnid intake and urine output. A number of the 
rats which were treated with histamine were maintained before and after 
injection under conditions so that measurements of fluid intake and output 
could be made. These results have been recorded in table 6. In the 
normal animals it may be noted that in the first hour after histamine an 
increase in water intake occurred. During this period the rats were 
obviously'" thiisty and laj’’ near the water suppl.y. After the first hour little 


table 6 

Water intake and urine output in normal and hypophyscctomised rats after histamine 


KtJM- 

BEB 

or 

BATS 

CONDITION 

DOSE OF HISTA- 
xnNE 

aver- 
age OF 
PRECED- 
ING 

3 DATS 

AXZKKOT. PER RAT— CC. IN HOURS AFTER 
histamine 

i 

n 

2 

4 

6 

24 



mQtn.lkgm. 








6 

Normal 

650 










Water intake 

24.8 

6.4 

9.4 

10.4 

10.4 


32.1 



Urine output 

7.0 

0 

0 

0 

3.0 

10.2 

27.0 

12 

Hypoph}'- 

50-050 









sectomised 

Water intake 

17.0 

1.6 

2.2 

2.3 

2.3 

2.3 

9.8 



Urine output 


0 

! 0 

! 0 

0 

0.1 

4.3 

5 

Hypophy- 

650 









.sectomised 

Water intake 


2.2 

2.2 

2.2 

2.4 

2.4 

13.2 


(treated — 

Urine output 


0 

0 

0 

1.2 

1.8 

9.3 

j 

ext. 278) 










more watei- was consumed. The urine output was negligible for the first 
two hoins and then diuresis commenced. For the 24 hour pei'iod after 
hi.stamine the water intake was always increased and the urine output 
markedly .so when compared with the values obtained preceding the 
injection. Similar changes have been observed previously by Howlett and 
Browne (2). In the hypophy.sectomised animals a somewhat different 
pietun; wjis presented. In no case was polyuria encountered and the 
wafer intake, while increased initial^*, was never found to be above the 
control figures. Similarly, in the rats treated with corticotrophic e.xtract 
278, which affordcfl complete protection from histamine, the fluid changc.s 
were tln^se descnl)e{I for /iypopln'.sectomi.sed and not for normal animals. 

It was thought tli.at the inal)ilify of the hypophy.sectomised rat to 
crete ingfrsted or injectwl wafer in a normal manner might be a factor in 
the failure of the above animals to develop polyuria after histamine. A 
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series of rats were therefore injected intraperitoneally with 5 per cent of 
their bodj’^ weight of water. This was preferable to oral administration, 
as previous starvation was not necessaiy. Nonnal rats were found to 
excrete approximatelj'^ 50 per cent of the injected water within 2^ hours. 
In 65 tests on hypophysectomised rats, however, less than 0.5 per cent 
of the injected water was excreted. The hypophysectomised animals 
treated with extract 278, as just described, also showed this failure to 
develop a diuresis following injected water. 

Discussion, In the experiments described the toxic effects of histamine 
on rats have been determined after removal of the pituitary and adrenal 
glands and after subsequent replacement therapy. It has been found that 
hypophysectomy or adrenalectomj'^ lowers the resistance of the rats so that 
death results from a dose of histamine which does not kill normal animals. 
Under the experimental conditions rats adrenalectomised from 6 to 8 days- 
were slightlj^ more susceptible than those tested two weeks after hypophy- 
sectomy. This observation would suggest that the atrophic adrenals of 
the hypophysectomised animal are still functional to some extent. This 
has frequently been suggested from the c\ddenee that the hypophysec- 
tomised rat does not die of acute adrenal insufficiency. Treatment after 
hypoplysectomy with a suitable corticotrophic extract was followed liy an 
increase in weight of the adrenal glands, and an apparent increased re- 
sistance of the animal to histamine. These results confirm the findings 
reported bj’’ Perla and his associates in a series of obseiwations. They have 
shown that not only cortical extract or corticotrophic extracts effectively 
increased the resistance of hj-pophysectomised rats to histamine (3, 4, 5), 
but also the beneficial effects of cortin in adrenalectomised rats (6). 

The adrenalectomised animals Avhich were studied were maintained on 
NaCl and such animals were obviously more susceptible to histamine than 
were nomial rats. It is probable that cessation of salt treatment would 
have resulted in an even increased susceptibility as the general condition 
of the animal deteriorated. These results, therefore, confiim Perla and 
Sandberg (7) who state that “administration of salt to suprarenalectomised 
rats will raise the resistance slightly, but not to a degree comparable to that 
obtained Avith injections of suprarenal cortical hoimone.” They do not 
confirm the generalization made by Selye (8) that Avith salt treatment 
“the resistance to drugs is almost completely restored to normal’’ in the 
adrenalectomised rat. Treatment of the adrenalectomised rats bj^ d&soxy- 
corticosterone Avith or AAathout salt apparentlj" resulted in a loAvered 
mortality from histamine. A difference in mortality AA'as apparent^ asso- 
ciated AA-ith the response to treatment as indicated by the AA^eight increase 
of these animals. Those AA’hich gained the greatest in Aveight resisted 
successfully the effects of the liistamine. On the other hand, in hj-pophy- 
sectomised rats desoxycorticosterone aa'Rs of no protective A'alue. 
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The changes in hemoglobin have been considered as an approximate 
index of the alterations in blood volume in the animal. Following a 
moderate dose of histamine the noiTnal rat showed definite hcmoconcen- 
tration -which was maximal in about 30 minutes after the injection. There- 
after, dilution occurred so that the hemoglobin was normal after a few houis 
and, ultimately, at 24 lioui-s, evidence of increased blood dilution was 
found. With larger doses of histamine the changes were similar except 
that the initial hemoconcentration was greater, the follo^ving dilution 
occurred more gradually, and b}”^ 24 houis considerable blood dilution had 
occurred. The hypophj'sectomised and adrenalectomised rats showed 
similar alterations but all these were increased in magnitude. The blood 
concentration was usualh' greater, especiall}^ after adrenalectomy, than 
that found in normal rats, and the following dilution was veiy gradual, so 
that even after 6 houis the blood was still concentrated. When liA’^poply- 
sectomised rats were treated with corticotrophic extract 278 the changes 
in hemoglobin were similar to those noted for normal rather than for 
h 3 ’pophy.sectomised rats. These results indicate that the adrenal glands 
are intimatel 3 '’ associated uith the processes which enable blood dilution 
to occur following the initial hemoconcentration. In general, it ma 3 ’ be 
seen that the groups of rats which showed less initial hemoconcentration 
and a more rapid and complete secondaiy blood dilution were ones which 
were not killed b 3 ^ the histamine treatment. This would suggest that the 
mortalit 3 ' might be related to the changes associated with hemoconcentra- 
tion jDor sc. However, when individual animals were considered, it was 
noted that animals ma 3 '’ show relative^’' good blood dilution and yet die. 
Conv'crseb'^, rats in which the blood remained concentrated sometimes 
.survived. The latter condition was readib' produced in normal rats ly 
retarding the absorption of the histamine. Changes in blood volume, 
theiefore, could be used as an approximate indication as to whether 
fatality would occur, but onh'- in large groups of animals and not in in- 
dividual cases. 

I'he actual hemoglobin content of the blood of the rats before histamine 
treatnuaif. showed extreme variations. Even in the normal animals value.s 
from 12.02 to 18.7G grams per 100 cc. were encountered. This would 
.suggest the imperativene.s.s of obtaining hemoglobin Amines before and 
after subjecting rats to conditions simulating shock, rather than to com- 
pare the hemoglobin of one group of nonnal animals with that of another 
group after shock (9). Admittcdh', the use of hemoglol)in changes as an 
indication of changes in blood volume is open to criticism. In the experi- 
ments described, howcu'er, the changes in hemogloliin have occurred in an 
ordf'rlA’ f.’ishion, and as such are probabh' a fairh' tnie indicat ion of changes 
in the IiUkkI volume. In one case where histamine in a dos(! of 1500 mgm. 
per kgm. was injected, an unusual curve for hemoglobin was obtained, 



lIYrOI'HVSIS AND ADHENAl-S IN IIISTAMINK SHOCK 


im 

))OS.sib]y related to the amount of solid injected. It. in believed that the 
tochnifiiK? de-scribed entailed le.^H chance of error than direct ineasureni(*nt, 
of th(‘ “freel.y circulating blood” which might be collected following the 
cutting of the carotid artery and jugular vein, as has lieen advocated (10), 

It was hoped that the findings which were obtained might be relatcfl 
to the general problem of surgical shock, although histamine while pro- 
ducing some changes similar to those .seen with shock, has never bt'cn 
proven to be a factor in the etiology of that condition. The ust; of hista- 
mine as a chemical method for the production of a .shock-like condition, 
however, is probably more within the limits of ph.ysiological possibilitii's 
t han treatment with more drastic substances, such as formaldehyde. The 
mechanism of the hemoconcentration in shock has been discussed by Moon 
(11), and is supposedly associated with an increased penneability of dam- 
aged capillaries allowing the escape of plasma from tlu' blood stream, d’he 
rapidity with which both the concentration and dilution of the lilood was 
found to occur in the normal rats suggests that the alteration in cajiillary 
permeability was very brief: damage in a structural sense to the capillaries 
could hardly have taken place. In hypophysectomised animals, although 
the duration of tlu^ hemoconcentration was more prolonged, the initial 
values were only slightly increased — were cajiillary damage the e.vplanation 
of the prolonged blood coiuamt ration one might expect, much higher init ial 
levels. From these results it might be suggested that some change in the* 
blood itself or in the tissues with a resulting Iran.sfer of plasma would seem 
a more probable explanation than a primary local damaging action on the 
capillaries. 

TJic re.storation of the adren.al glands of the liyjiojihyscctomised rat to 
normal and the a.S'-'oeiated increased re.ristanee to histamine is of interest 
since adrenal extract.^ have been used in shock therapy. Beneficial result.s 
of <'ortin treat nuait have now been reported by a number of workers both 
in e.Kperimental animals and in luimans. A recent leviev.- of riiesf’ n>j)orts 
is contained in the article by Weil, Ro-e and Ibowne (12). The cfTeetK 
of desoxyeorlicosterone alone am more difficult to evaluate as there ao* a 
number of contradictory publications on its value (Rl). The findings of 
Weil. Ros<' and Brov.-ne (12), and of Selye anrl Do-ne (b!) suggest tlnit 
deso.vyeortii'osterone alone has lit tie value in pre‘venting mortality foHow- 
iiig experimentally prodticed shock. Corticost<*rone, on the otlxa- h.and. 
seemr.sl much more effective. In a recent publication .Svvincle. Hays, 
Rerninglon, C'ollingsand Parkins (15) have found that dcsoxycurtico.-terone 
would efTectively pn'vcnt mortality following muscle trauma ii! adrenali'c- 
tojui'^ed dtjgs. hut ha<I no protective value following traum.'j of tlie gastro- 
intestinal tract. Tiii« suggests a po.s-ible diffcrene(“ in etiology for those 
tyjvs of .‘^hock (or at }e:\st a {puinf itative iiifference) and may iiclp to 
exphiin the discrcpancit-s in previous reports. 
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STjmiABY 

The toxicit}-- of histamine has been studied in normal, adrenalectomised 
and h^’poph5^sectomised rats. Similarly, hypophysectomised rats treated 
with corticotrophic extract or -with desoxycorticosterone acetate and 
adrenalectomised rats treated with desoxycorticosterone acetate have 
been tested. Treatment of h3’-pophysectomised rats with corticotrophic 
hormone greatly increased their pre\iousl3'^ low-ered resistance to histamine 
but desox3'-corticosterone had no effect. Adrenalectomised rats maintained 
on oral saline show'ed a low tolerance to histamine, but this could be 
increased b3'^ desox3’’corticosterone treatment. 

Repeated hemoglobin determinations were made on man3'^ of the rats 
studied as an indication of changes in blood volume. Normal animals 
showed hemoconcentration to be maximal 30 minutes after the histamine 
injection. Thereafter, blood dilution took place rapidR, so that the normal 
•^-allies were obtained b3' 6 hours. Further blood dilution w-as seen at 24 
houis. Increasing the dose of histamine led to a slightl3’- increased degree 
of concentration, and a more gradual hemodilution. These changes w^ere 
all exaggerated in h3''poph3"sectomised and adrenalectomised animals. 
When the former rats were treated with a suitable corticotrophic extract 
affording protection, the hemoglobin changes found resembled those 
described for normal rats. 

Pol3’'dipsia w'as observed during the first hour onl3^ after histamine, and 
in normal animals pol3mria alwa3^s occurred in the first 24 houm. In 
h3'poph3'sectomised animals pol3mria w'as never observed. The latter 
observation ma3'' bo related to the inabilit3^ of the h3'^poph3’^sectomised rat 
to develop polyuiia following the ingestion or injection of w^ater. Cortico- 
trophic hormone did not restore this derangement in water excretion. 

This research has been conducted through the support of the National 
Research Council of Canada. We wish to thank Mr. C. Larsen for tech- 
nical assistance in these experiments. The desoxycorticosterone acetate 
was generous^’’ supplied b3'^ Dr. E. C. Schwenk of the Schering Corpora- 
tion, Bloomfield, N. J. ' 
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Scattered reports can be found which suggest that stimulation of a 
vagus maj’’ abolish or modif3’- character of -s^entricular fibrillation. 
The most S3'stematic stud3^ was that of Garre3’’ (1), who concluded that 
‘hii a certain, though small, percentage of dogs stimulation of the vagus 
nerve vdll alter the character of or even stop ventricular fibrillation.” 
The fact is stressed, however, that some aberrant condition of the 013^0- 
cardiurri must exist, in order to achieve such effects. 

In view of a po.ssible practical value of the method in cardiac resuscita- 
tion, the efficacy of the procedure has been tested over a period of 17 years 
in this laboratoiy and, following the general suggestions of Garre3’’, serious 
attempts have been made to discover conditions which might favor such 
recoveiy. A review of protocols of experiments from j\la3'’ 29, 1923 to the 
present da3’’ discloses that one or several attempts to restore coordinated 
beats through vagus stimulation were made in 78 dogs. These and man3' 
unrecorded trials were all negative. Hence, the briefest possible summai3' 
is indicated. 

Dogs were anesthetized in ^'arious wa3'^s, among them by chloretone, 
.‘■•odium barbital, am3'tal, dial and ether, usuall3", but not alwa3’S, preceded 
1)3' 2 cc. 2 per cent solution morphine sulfate. In most of the experiments 
both vagi were excited in turn 1)3' the strongest feasible induction shocks; 
in two experiments A-C currents ranging from 30 to 1000 C3’cles per second 
wen* used. In man3' experiments both vagus nerves wore excited simul- 
taneousl3', hoping to improve the quantal value of impulses. 

Our conclu.sion that the \'agus nerve is incapable of influencing ventricu- 
lar fibrillation is based on experiments empiricalh' grouped as follows: 

1. A group of e.xperiments, carried out in conjun(;tion with Doclons 
Bell, Theisen, Shaw and Paine (2) in 1929-30, on IS dog.s in which fibrilla- 
tion was indueed by faradic stimulation of the right •^’entriele. In each of 
these, the right or left vagus nerves were .‘‘(imulated 1 to (J minutes after 

' 'fiip fonTinii.'inrt; of thesf; iiu'c.stijintion.'? w.i.s made by a grant frnrn tlia 

.lohri .'tad Mary R. Marklv Fatindation. 
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induction of fibrillation. The observations were all made at the beginning 
of an experiment. The effects were consistently negative. All animals 
died of fibrillation, 

2. A group of experiments on 35 dogs in which fibrillation was due to, 
or associated with, various acts or procedures. Thus, fibrillation followed 
an induced premature contraction, insertion of an optical manometer 
through the myocardium, excessive hyperthennia, severe hypercapnia, 
use of KCl, quinidine, infusion of digitalis, strophanthin, quinidine, 
thiamine, lactic acid, etc. In all except four of these, fibrillation occurred 
toward the end of experiments which were 3 to 5 hours in duration. The 
heart ivas in poor condition dynamical^’-, but conduction disturbances 
were present onl.y in the experiments involving use of KCl, quinidine, 
digitalis and strophanthin. In no instance was revival accomplished. 

3. A group of experiments on 12 dogs performed in association irith 
Doctors Orias, Cotton, Tennant and Green, in which fibrillation followed 
after continued coronaiy occlusion or upon release of a temporarily occluded 
coronary vessel. In these experiments, fibrillation occurred at various 
intervals after the beginning of an experiment. By this time we were 
beginning to employ the countershock method of Hooker et al., and in 5 
dogs this revived the ventricles when vagus stimulation applied ■?; to 2 
minutes after onset of fibrillation had been without effect. In 6 dogs no 
revival occurred; in the other countershock was not tried. 

4. A group of experiments on 8 dogs carried out in association with 
H. Wiggers in which fibrillation occurred during coronaiy occlusion (ramus 
descend ens). With the recognition that fibrillation evolutes through four 
stages (2), attempts were made to start the vagus stimulation during the 
undulatory, convulsive, tremulous and atonic phases, i.e., immediate!}' 
after its induction until 4 minutes thereafter. Since such fibrillation 
recurred repeatedly during these experiments and could be abrogated 
successfully by use of countershock in the majorit}^ the effect of vagal 
excitation was tried at different times of a protracted c.xperiment, in one 
instance 9 times. Again the results were negative. 

5. A group of experiments on 5 dogs carried out during the past year 
with Doctor Wegria in which fibrillation was produced b}" a single shock 
during the vulnerable phase. By use of the method of serial defibrillation 
(3) the ventricles were revived three to five times, when previous stimula- 
tion of both vagi proved ineffective. 

Effect on the character of the fibrillation. Owing to the continual changes 
in the appearance of the fibrillaiy movements or of electrical and myo- 
graphic recordings, the conclusion that visual or recorded changes observed 
are due to vagal stimulation must be guardedly drawn. The only changes 
which would be convincing to us are a reversal of tremulous to coarser or 
undulatory types of contraction such as follow a series of weak A-C shocks 
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(3). However, changes in this direction have never been witnessed or 
recorded. It is our impression that the course of the evoluting changes 
during fibrillation is not changed in the least bj'’ vagus stimulation. We 
have no explanation to offer as to the reason for our unfaA'oralDle results 
and the more favorable reports bx'’ others. 

SUMMARY .\KD CONCLUSIONS 

In numerous trials on 78 dogs in which ventricular fibrillation was 
induced by various means and at various times during the course of an 
experiment, stimulation of the i-agus ner^■es by strong faradic shocks and 
at different times after onset of fibrillation never restored normal coordi- 
nated beats nor produced convincing changes in the usual trend of the 
fibrillating process. Two corollaries follow: 1 , the method is obviousl.y 
without value as a resuscitating agent; and crucial proof that the vagus 
has any effect on the fibrillating or normally contracting dog’s ventricle 
still remains to be produced. 
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The position of the salivaiy nuclei and the intramedullaiy course of their 
efferents ha^^e not been precisel}' determined, and the literature on the 
subject is controversial. Claude Bernard (1856) observed a submaxillaiy 
flow in the dog upon puncturing the floor of the fourth ventricle slightly in 
front of the diabetic center, a little behind the origin of the trigeminal. 
He gives no information as to whether this flow was ipsilateral or bilateral. 
Loeb (1870) was able to secure predominantly ipsilateral parotid as well 
as bilateral submaxillaiy salivation also by damaging the floor of the fourth 
ventricle in dogs. Griitzner (1873) stimulated the medulla of dogs elec- 
trically and obtained a copious predominantlj’- ipsilateral submaxillaiy 
secretion. Beck (1898) destroyed various parts of the medulla in dogs and 
found that reflex submaxillaiy salivation was unimpaired so long as the 
region of the facial nucleus remained undamaged. Koster (1900), on the 
basis of rather scanty clinical evidence, believed the salivary centers lay 
caudal to the facial nucleus. 

Kohnstamm (1902a, 1902b, 1903, 1907), using the method of chroma- 
tolysis in dogs, described a submaxillaiy center Avith crossed and uncrossed 
efferents bung wideb’’ distributed in the reticular formation above the 
facial and trigeminal motor nuclei, and a parotid center, likewise with 
crossed and uncrossed efferents, Ui^^g between the inferior olive and the 
nucleus ambiguus. Bechterew (1908) and Solomovdcz (1908) extirpated 
the submaxillaiy gland in dogs; their re.sults, in general, agreed with 
those of Kohnstamm. 

After cutting the chorda t 3 unpani in dogs, Yagita and Haj^ama (1909) 
observed degenerated cells of the visceral motor type lying in the reticular 
foi-mation above the posterior third of the facial nucleus, predominantly 
on the operated side. After sectioning the tympanic nerve, thej^ concluded 
that the parotid center was a direct caudal continuation of the submaxil- 
lary center. Later Yagita (1909) repeated the latter operation with more 

‘ This work was carried out in the laboratori’- of Dr. R. S. Morison, to whom I am 
extremely grateful for advice during the experiments and the writing of this paper. 
I also want to thank Mr. John Galt for his assistance at the operative pi'ocedures. 
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care, and described a parotid nucleus most conspicuous between the 
caudal end of the facial nucleus and the cranial end of the nucleus ambiguus, 
r-entromedial to the s})inal r^estibular nucleus. Again the degenerated 
cells la 3 " mostlj' on the operated side. 

unipolar faradic stimulation of the surface of the medulla in cats, 
Miller (1913) was able to locate two points, one giving rise to submaxillaiy, 
the other to parotid secretion. Both results Avere ipsilateral, and no 
salivation was obtained from stimulation in the midline. 

In brief, seA'eral investigations, ijredominantlj' earned out on the dog, 
have shown that in the medulla there arc a submaxillaiy and a parotid 
secretoiy nucleus. There is no general agreement as to their exact jiosi- 
tion, nor on the question of whether their efferents arc ipsilateral or bi- 
lateral. The present paper is a report of the further localization of the 
salii^arj'- cental’s in the cat by means of exploration of the medulla ivith 
stimulating electrodes. 

jMethod. Cats anesthetized noth dial (Ciba, 0.7 cc. per kgm. intra- 
peritonealty) Avere used. Fine gla.ss cannulas Avere inserted into the 
submaxillaiy and parotid ducts. Errors due to differences in the calibers 
of the cannulas were eliminated bA’ having an observer record the number 
of drops of saliva falling from each cannula after an intraA'cnous injection 
of acet.ylcholine. 

The occiput AV'as exposed bj- dissection of the overij’ing musclc.s, the 
atlanto-occipital membrane reflected, and the bone removed with rongeurs 
until sufficient exposure of the medulla AA’as obtained. The cerebellum 
AA*as left in place, the electrode being inserted through it Avhen the occasion 
arose. In some of the cats the ceiwical sj^mpathetics AA-ere cut bilaterally 
to insure that only the para.S3’mpathetic centers AA'cre iiiA'oIved. This 
procedure appeared to make no significant difference in the results. In 
scA'eral experiments blood pressure A\’as recorded AA’ith a mercuiy ma- 
nometer connected to a femoral arteiy. 

For exploration a concentric bipolar electrode was used, mounted in a 
metal frame in such a A’/ay that its position in space could be read on three 
scale.?. This instrument has been described elscAA’licre as adajitecl for use 
as a modified HomlcA'-Ciarke apparatus (Morison, Dempsey and i\Jori.son, 
1941). Current AA-as supplied bj' a Haiward inductorium A\'itli 6 A’olt.s in 
the primaty circuit and the secondaiy at a di.stance of 12 cm. henever 
saliA’ation AA-as obtained an observer recorded the numb('r of drops, the 
side, th(? readings on the .scales at that point, and the reading on the vertical 
scale Avhen the electrode just touched the surface of the medulla or cere- 
bellum (to aA-oid later errois due to .rfirinkagc of the fi.xed ijrain). At the 
conclusion of each experiment the medulla, pons and cei-ehellum w(‘r(^ re- 
moved intact and fi.xed in formalin for microscopic e.xainination of serial 
s(-f‘tions after Xissl .staining. 
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Results. A. Areas producing salivation. Stimulation of the medulla 
at levels between the principal nucleus of the fifth nerve anteriorly and 
the rostral level of the nucleus ambiguus posteriorlj’^ gave rise to activation 
of the salivary glands. In the majorit3’^ of positions (fig. 1, areas 1 and 3), 
some secretion was produced in both the submaxillaiy and parotid glands 
homolateral to the side stimulated. 

Areas which gave rise to activity of the parotid onty ivere found scat- 
tered through the reticular substance especiallj’^ in regions medial, dorsal 
and posterior to the facial nucleus and anterior to the ambiguus (fig. 



A B 

Fig. 1. Diagrammatic reconstruction of the medulla of the cat (after Winkler and 
Potter), showing the location of points where stimulation yielded salivation. A, 
dorsal view; B, sagittal projection. Open triangles indicate ipsilateral parotid 
salivation; solid triangles, bilateral parotid salivation; hollow circles, ipsilateral 
submaxillary salivation; solid circles, bilateral submaxillaiy salivation (1 instance). 
Roman numerals refer to nuclei. MV, motor Y; N.AMB., nucleus ambiguus; SO, 
superior olive; 10, inferior olive. Areas outlined by stippling are explained in text. 

1, area 2). Points rostral to the facial nucleus tdelded predominant^ 
submaxillary effects (fig. 1, area 4). 

Bilateral effects were occasional^ encountered. In one instance both 
submaxillaiy glands were activated bj"- stimulation of a point near the 
lateral border of the genu of the facial nerve. Bilateral parotid effects 
were recorded more posterior^. 

B. Associated striated muscle movements. In confirmation of the ana- 
tomical identification of the points mentioned above, the most marked 
submaxillaiy salivation was accompanied b}^ movement of the facial 
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musculature. iNIovements of the pharynx and larjuix were frequent ac- 
companiments of maximal parotid effects. 

C. Blood pressure changes. As was to be expected from the proximity of 
the regions stimulated in these experiments to the location of the ^-aso- 
motor “center,” blood pressure changes were frequentl}’- produced. Sali- 
vation was, however, not significanth'- affected, similar results being en- 
countered either in the presence or absence of the alterations in ^'ascular 
tension. 

Discussiox. In anj'- stimulations of the central nervous sj’^stem such 
as those reported here, the question arises as to whether fibres or nuclear 
structures are being activated. Presumabb^ both types of elements were 
immh'-ed in the present stud 3 - and account, at least in part, for the results 
obtained. Simultaneous acti^mtion of the submaxillary and parotid glands 
of one side and the frequent bilateral effects observed suggest the in^'olve- 
ment of afferents, especialh’- taste fibres from the glossophaiyngeal or 
nervus intermedins. Thus in figure 1, area 1 ]5resumabl.y rejn’esents taste 
fibres or cells associated with the tractus solitarius; and area 3 ma.v be 
thought of as containing a.ssociation fibres of one sort or another running 
to the predominantb'- submaxillaiy nucleus anterioily and the parotid 
nucleus doi-salb" and posteriorb'. Crossed efferent fibres from the saliyaiy 
nuclei have been mentioned bv various observers, as pointed out in the 
introduction to this paper. The a priori more likcl}" possibility of crossed 
afferents renders it impossible to decide the question of crossed efferents 
on the basis of the present experiments. 

The finding of predominantb’’ .submaxillaiy points in the position in- 
dicated as area 4 (fig. 1) and including the rostral parts of area 3 corre- 
sponds well with the position of the nucleus as outlined bj' retrograde 
degeneration after cutting the chorda t^unpani in the dog (Yagita and 
Hayama, 1909) and with the efferents in the facial nerve. Area 2 and 
some of area 3 wliich gave strong parotid effects lie close to regions simi- 
larly indicated by Yagita (1909) for the parotid. Pi-esumably the greater 
concentration of active elements supplied b,v the grouping of afferents, 
efferents and cells in nuclear regions results in the relative predominance 
of their responses. 


SU.W.MAIIV 

B.v electrical exploration of the medulla in cats, it was found that stimu- 
lation of various points .yielded .salivation. Tiie.se points lay mostly in 
the reticular formation and in the region of the intramedullaiy cour.-e of the 
facial or glossophaiyngeal lU'rvc.s. 

Points which gave predominanth’ .submaxillaiy .salivation, with the 
excejition of those as.-ociated with the facial efferents, lay ino.-tiy ro.sfral 
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and medial to the middle third of the facial nucleus. These points are 
regarded as representing the submaxillaiy center. 

Points primarily concerned with parotid salivation were concentrated 
caudal to and above the submaxillaiy center, and medial to and above the 
cranial end of the nucleus ambiguus. 

Both ipsilateral and bilateral salivation were obtained from unilateral 
stimulation, vnth or without accompanying blood pressure rises. 
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Alterations of intrathoracic pressure associated with the different phases 
of respiration are considered to be of importance in facilitating the return 
of blood to the thorax and, consequent^, respirator^' variations of cardiac 
output. Many studies ha\'e been made of direct cardiac volume changes 
with open chest and artificial respiration, but observations with intact 
thorax and normal respiration have been rare. The literature up to 1921 
has been criticall}'- reviewed b}' Wiggem (1921), and references in the present 
report will bo mainly confined to more recent work. 

It has been generall}' assumed that increased depth and rate of respira- 
tion increases the “aspiratory” effect of the thorax and hence the inflow 
of blood to the right heart (Burton-Opitz, 1902, 1914; Hooker, 1921; 
Wiggers, 1921; Visscher, Rujjp and Scott, 1924; Heinbecker, 1927). Thus, 
by increasing the inflow of blood during inspiration or during exercise, 
there is necessaril}'- an augmented output of the riglit (Heinbecker, 1927) 
or both ventricles (White and Moore, 1925). There was no direct experi- 
mental evidence in support of these views until Ej'ster and Hicks (1933) 
made direct cardiac outjjut determinations with a closed chest. They 
found inspiration to be associated with a greater diastolic size than expira- 
tion, but a decreased stroke volume. These results are in apparent contra- 
diction to the Starling principle. 

1. Ventricular volume changes. Medium-sized dogs anesthetized with 
sodium barbital were used. With artificial respiration supplied b,y means 
of interrupted blasts, the fifth rib on the left was resected and a metal 
truncated cone window sutured into this space. Covering the exposed 
lumen of the cone with membrane rubber, which could be rajjidly removed, 
made j)ossible the sudden production of pneumothorax. The fourth and 
fifth ribs on the right were re.sectcd, the pericardium removed and tlie two 
ventriclc.s enclosed in a volume recording glass oncometer wliich was a 
modification (in .shape) of that- first de.scribed by Wiggers and Katz (1922). 
Can? was taken to in.sure a proper fit of the rubber membrane of the 
f)iicometer at the A-\' groove, to avoid both leakage and constriction. 
Before .«uturing the chest closed, a .«mall metal trocar was inserted through 
a stai) wound in the chest wall, supplying means for asi)iralion of air from 
till' thonix as well as regulating and recording intrathonicic pressure. 

Gt2 
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The method of recording ivas adapted to the stationaiy optical manom- 
eter devised by Hamilton, Brewer and Brotman (1934). The oncometer 
was attached to a manometer equipped with a rubber, rather than a metal, 
membrane (Fi’anlc, 1903). At the close of each experiment, after cessation 
of the heart beat, the oncometer was calibrated by injecting into the 
oncometer-manometer system, or withdrawing from it, loiown volumes of 
air. No attempt was made to determine absolute ventricular volumes. 
Carotid blood iircssure was recorded with a manometer equipped udth a 
silver membrane of sufficient natural frequencj’^ and sensitivity for accurate 
pressure pulse recordings. Intrathoracic pressure and pneumographic 



Fig, 1, Simultaneous curves of intrathoracic pressure, cliest pneumograph, ven- 
tricular volume and carotid blood pressure. Downstroke of ventricular volume 
curves is sj'stolc. X is absolute ventricular volumes, which were not measured. 
Downstroke of intrathoracic curve is inspiration. Values listed are from single 
cardiac cycles at the end of inspiration and completion of expiration. Time = 0.1 
sec. 


' Inspiration Expiration 

Diastolic volume X -f- IS cc. X -f- 29 cc. 

Stroke volume 17 cc. 25 cc. 

Systolic pre.ssure 113 mm. Hg. 119 mm. Hg. 

Diastolic pressure 76 mm. Hg. 82 mm. Hg. 


tracings were also recorded with rubber, rather than metal, membranes. 
The former was calibrated against a column of water and, in all experi- 
ments, so regulated as to be within the normal limits of 3 cm. (negative) of 
water in expiration to 7 cm. (negative) of water in inspiration. 

In figure 1, it will be noted that the relative diastolic size was 18 cc. in 
inspiration, and 29 cc. in expiration, an increase of 61 per cent. Stroke 
volume likewise increased in expiration from 17 cc. to 25 cc. (47 per cent). 
vSj^stoIic blood pressure ivas 113 mm. Hg in inspiration, 119 mm. Hg in 
expiration, an increase of 5.3 per cent. Diastolic lilood pressure increased 
8 23er cent in e.xpiration from 76 mm. Hg to 82 mm. Hg. Respiratoiy 



644 DANIEL H. CAHOON, I. E. MICHAEL AND ^^CTOI^ JOHNSON 


variations of S3'steinic arterial blood pressure of similar magnitude have 
been observed in normal unanesthetized animals, thus lending evidence 
to the supposition that the arterial pressure and stroke volume changes 
are real and not the result of placing the ventricles in an oncometer. 
Furthennore Henderson and Bariinger (1913) observed the respiratory 
changes in intrathoracic pressure exerted a negligible effect upon the thick 
walled ventricles. The S 3 ^stemic arterial pressure variations are therefore 
due in part to the respiratoiy variations in stroke volume. 

Figure 2, taken 6 breaths after figure 1, illustrates the minimal changes 
occurring during pneumothorax. Tlie relative diastolic volume increased 
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Fig. 2. Record similar to that of figure 1, but taken during pneumothorax. In 
trathoracic pressure curve now registers atmospheric pressure. Time = 0.1 sec. 


Inspiration Expiration 

Diastolic volume X + 2S cc. X + 30 ce. 

Stroke volume 22 ce. 23 cc. 

Sj'stolic pressure 121 mm. Hg. 120 mm. Hg. 

Di.astolic pressure S-l mm. Hg. SI mm. Hg. 


veiy little in expiration (from 28 cc. to 30 cc.); stroke volume remained 
almo.si constant (changing from 22 cc. to 23 cc.); and s 3 '.stolic and diastolic 
blood prcs.surc.s scarcel 3 ’’ varied througliout the respiratoiy cycle. The.sc 
changes arc insignificant when comiiared to those occurring with intact 
thorax. Although the intrathoracic cuive registered atmospheric pressure 
after the production of pneunio(hora.x, the latter ma 3 ' Jun’c been inconi- 
pl(‘te, allowing for some lung expansion, however .small. This ma 3 ’ con- 
ceivably account for the slight ehangecs that did occur. Movements of the 
oncometer, incidental to respiratoiy movements of the diaphragm and 
(‘iie.st wall, were nf.'cessarib' the .same both before and during jmeuinolhorax, 
and therefore cannot be held accountabh; for volume and pre.ssme 
variations. 
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Figure 3 is a record similar to that in figure 1 , showing the CA^clic fluctua- 
tions throughout nearh' two respiratoiy movements. The changes are of 
the same order as those in figure 1 . Figure 4 is a record taken during the 



Fig. 3. Cj’clic ventricular volume and arterial pressure changes with respiration. 
Stroke volume values are labeled to the right of, and systemic blood pressure beneath 
their corresponding contours for the single cardiac cycles at the end of inspiration 
and the completion of expiration. Time = 0.1 sec. 
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Fig. 4. Ventricular volume and arterial pressure changes with respiration. Both 
vagi sectioned. Time = 0.1 sec. 


Inspiration Expiration 

Diastolic volume X + 31 cc. X -f- 53 cc. 

Stroke volume 28 cc. 39 cc. 

Systolic pressure 114 mm. Hg. 132 mm. Hg. 

Diastolic pressure 65 mm. Hg. 74 mm. Hg. 


exaggerated breathing mot'ements following double vagotom 3 ^ All 
effects were accentuated. Diastolic size in the single cardiac C 3 mle at the 
completion of expiration showed an increase over the single 03 ^^ at the 
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end of inspiration of 71 per cent (31 cc. to 53 cc.); stroke volume, an 
increase of 40 per cent (28 cc. to 39 cc.); S 3 ^stolic pressure, an increase of 
15.8 per cent (114 mm. Hg to 132 mm. Hg); and diastolic pressure, an 
increase of 13.8 per cent (65 mm. Hg to 74 mm. Hg). Time intervals 
(0.1 sec.) recorded on base line, indicate no appreciable change in the 
heart rate during the respirator^’- phases in an}’ of the ventricular volume 
experiments. 

Opposed to these findings, Ej’ster and Hicks (1934) obseri’ed the diastolic 
volume of the two ventricles to increase during inspiration, attributing 
this enlargement to the aspiratoiy effect of the thorax facilitating greater 
ventricular filling volumes. Thej’’ nevertheless found inspiration to be 
associated with a decreased stroke volume. Our A’entricular volume 
records, on the other hand, show that in inspiration both diastolic and 
stroke volumes decrease together, as might be expected from the law of 
Starling. The fall in sj’stemic arterial pressure during inspiration has 
been observed bj’ Henderson and Barringer (1913), Burton-Opitz (1921), 
Heinbecker (1927) and .Johnson, Hamilton, I^atz and 'Weinstein (1937). 
Hamilton, Woodbuiy and liarper (1936) attributed the fall in pressure to 
superimposition of the decreased intrathoracic pressure upon the arteries 
of the thorax. The decreased stroke volume must of necessity be an addi- 
tional factor for in all of our findings arterial blood pressure invariabh’ fell 
to a greater extent than intrathoracic pressure. 

2. Axiricular volume changes. No satisfactoiy means for direct measure- 
ments of mammalian auricular volume have been devised. In an effort to 
discover anj’ fluctuations that might occur during the respiratoiy cycle, 
motion pictures' were taken of each auricle with the thorax closed. Plate 
glass windows were sealed into either side of the chest wall at the level of 
the two auricles of large dogs anesthetized with sodium barbital and Arith 
appropriate artificial respiration. Normal respiration was then rcinsti- 
tuted and high speed motion pictures taken of each auricle. Piespiraioiy 
indicatons wore included in the field to insure accurate selection of finmes 
at the height of both inspiration and expiration, and when the auricles 
were in complete diastole. Careful counts of the number of fj'amcs in- 
cluded in each cardiac cycle disclo.scd no significant change in heart rate 
during the re.spiratoiy phases. 

Figure 5 .‘•hows the right auricle greatly dilated in in.sjniation, but much 
.smaller in exi)iration. Figure G, on the other hand, shows (he left, auricrle 
somewhat larger in expiration. Tlic changes of the left aurir;le were 
much less marked and on some occa.sions not perceptible, but it was never 
oij.‘‘erv(‘fi to undergo the marked filling in inspiration, nor (he rapid colIai)se 
in expiration .seen in the right auricle. A.ssuming auricular %’olume at an.v 


* Taken l.y Dr. 13. 3L Hair. 
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gh'^en time to be the sum of two factors, i.e., the amount of blood flowing 
into the auricle plus the stretch imposed upon the thin auricular walls b 3 ^ 
the negative intrathoracic pressure, the changes in auricular size are 
necessai% less marked in the left auricle. Both are subjected to the 
same stretch, but decreased intrathoi’acic pressure during inspiration also 
draws blood from outside the thorax into the right auricle (Visscher, Rupp 
and Scott, 1924). Hence the two factors sum. At the same time, blood 
is withheld from the left auricle in the lung bed (Heinbecker, 1927; Trimby 
and Nicholson, 1940) so that the two factors act oppositelj’' here, tending 
to minimize any volume change that might occur. 

The decreased diastolic and stroke volumes during inspiration is evidence 
that blood is being withheld from one or both ventricles. It is conceivable 
that the volume of each auricle might be a rough measure of the amount 



Fig- 5 Fig. 6 

Fig. 5. Photographs selected from motion picture frames showing the right auricle 
(outlined) in complete diastole at the height of inspiration and at the beginning of 
expiration. 

Fig. 6. Photographs selected from motion picture frames showing the left auricle 
in complete diastole at the height of inspiration and at the beginning of expiration. 


of blood entering or approaching its respective ventricle at any one time. 
These phasic changes in auricular size maj”^ then be taken to indicate one 
or more of the following: 1. During inspiration, blood is withheld from the 
left heart, accounting in part for the decreased volumes (diastolic and 
stroke), as well as for the fall in sj-^stemic arterial pressure. This is pre- 
sumably the result of an increased storage of blood in the lung vessels. 
2. At the same time, blood is aspirated into the great veins of the thorax 
and into the right auricle. Blood maj’- be vnthheld from the right ventricle 
by the increased capacity of these structures as a result of a greater stretch 
imposed upon them than upon the thicker walled right ventricle (Henderson 
and Barringer, 1913). Under these conditions, the right ventricle would 
combine ivith the left in producing a decreased ventricular diastolic size 
and stroke volume. During expiration, blood would be squeezed from the 
lung bed into the left heart and from the right auricle and vena cai^a into 
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the right ventricle. The net effect Avould be an increase in diastolic size 
and, in accordance with the Starling principle, an increase in stroke volume 
of both ventricles. This seems the most likel}'' explanation. 3. On the 
other hand, if the increased right auricular size in inspiration indicate? 
greater right ventiicular filling, the total decrease in ventricular diastolic 
size in this phase of respiration must be attributed wholly" to incomplete 
filling of the left ventricle as a result of storage in the lung bed. The latter 
must, in this circumstance, accommodate a preponderance of blood over 
that aspirated into the right heart during inspiration. The total decreas 
in stroke volume may likewise be the result of decreased left ventricula; 
filling volumes, since Henderson (1914) demonstrated the greater effect 
of filling pressiu-es in the response of this ventricle than that of the right. 
The reverse would be the case in expiration, where blood squeezed from 
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Fig. 7. Simultaneous recorded curves of iiitrathoracic pressure, and right auricle 
and |)ulmonary vein isolated from the circulation. Time = 5.0 sec. 

the lung field alone accounts for the increased diastolic size and stroke 
volume. 

3. Capactlij changes in (he right auricle and puhnonartj vessels. Figure 7 
represents an effort to demonstrate capacity changes in the pulmonary 
circuit and right auricle during the respiratory phases. The fourth left 
rib of meditim-sized dogs with sodium l)arbital anesthesia was resected. 
Artificial respiration was maintained as described elsewhere. TJie right 
auricle was ligated at its junction with the vena cava. The middle lobe of 
the right lung was ligated at its hilus, leaving only the bronchus patent. 
Thus both structures were isolated from the circulation, yet left free to 
expaiul and collapse with changes in intrathoracic pressure. (Hass 
cannulae. filled with citrate, leading to manometers covered with thin 
rubber, were tied into the tip of the right auricle and into a pulmonary 
vein at the periphery of the isolaterl lung lobe. In addition, lioth manom- 
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eters were connected with citrate-filled burettes outside the bodj". The 
chest was then sutured closed and normal respiration reinstituted. The 
curves are actuallj^ pressure changes, showing a pressure decrease in 
inspiration. Thei" are reflections of capacit 3 ’- changes, however, as demon- 
strated b}^ the fact that fluid in burettes connected with each manometer 
outside the chest, was drawn into the auricle and pulmonarj’- bed with 
inspiration, and forced out in expiration. These findings are in con- 
firmation with the work of manj' authors ivho have found an increased 
pulmonary capacity in inspiration as a result of stretch imposed upon the 
lung vessels (Burton-Opitz, 1921; Heinbecker, 1927; Trimb}^ and Nichol- 
son, 1940). Johnson, Hamilton, Katz and Weinstein (1937) also demon- 
strated a low elasticity coefficient in the puhnonaiy circuit, permitting it to 
store large quantities of blood with I'erv moderate pressure increases. 

SUMMARY AND CONCLUSIONS 

1. In dogs under sodium barbital anesthesia in which direct cardiac 
volume changes of the two ventricles were measured bj’’ a cardiometer 
during normal breathing, there occurred during inspiration a diminished 
diastolic size and stroke volume. 

2. Systemic arterial pressure also decreased during inspiration, mainlj’- 
the result of the diminished stroke volume, since arterial pressure invariabl}’’ 
decreased to a greater extent than intrathoracic pressure. 

3. During the slow deep respiratory movements following double 
vagotomj’-, these effects were exaggerated. 

4. jMotion pictures were taken of the auricles during normal respiration 
through plate glass windows sealed into either side of the chest wall. 
The right auricle became larger in inspiration and smaller in expiration. 
The left auricle usuallj" was olisen-ed to undergo opposite changes, but 
the changes were never so marked as those seen in the right auricle. 

5. The decreased size of the left auricle during inspiration indicates that 
blood is withheld from the left heart during this phase of respiration. It 
is probable that the increased right auricular size observed in the inspira- 
torv phase indicates that blood is also ivithheld from the right ventricle 
as a result of storage in the thin-walled structures on the approach to the 
right ventricle. Both ventricles must therefore undergo incomplete filling 
and decreased stroke volumes during inspiration. If, as seems less likely, 
the gi'eater volume of the right auricle during inspiration indicates greater 
right ventricular filling, the diminished ventricular volumes must be 
attributed whollj^ to incomplete filling of the left ventricle. 

6. The right auricle and middle lobe of the right lung were isolated from 
the circulation, j^et left free to expand and collapse vdth changes in intra- 
thoracic pressure. During inspiration the capacit}-- of both structures 
increased, indicating a greater storage of blood in both the pulmonary 
circuit and right auricle during the inspirator}’- phase. 
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In previous papers (1, 2) it was shovni that ventricular fibrillation can be 
induced by application of a single induction, condenser, or brief D.C. 
shock during the last 0.04 to 0.06 second of systole, or theearl}’- 0.02 second 
of diastole. This was called the vulnerable period. In subsequent com- 
munications (2, 3), experiments were anal3’zed which indicated that the 
fibrillating potenej’- of more prolonged direct and alternating currents 
depends lesson the duration and strength of current than on the coincidence 
of an effective change in its intensity in th a ^ullnerable period of a normal 
or premature beat. Finalty, we suggested (4) that the spontaneous 
fibrillation following coronaiy occlusion can be explained b}’’ a release of 
two successive spontaneous stimuli, the first eliciting a premature contrac- 
tion and the second inducing fibrillation because it falls during its vul- 
nerable phase. 

In such interpretations two assumptions were occasional^ required in 
order to fit all cases of fibrillation into the theoiy that fibrillation can only 
be induced through incidence of an effective stimulus during the vulnerable 
period, viz., 1, that the major portion of the descending limb of small 
premature sj'^stoles is vulnerable, and 2, that the fibrillation threshold is 
reduced in such beats. 

This paper concerns itself vdth a report of experiments designed to test 
these assumptions. 

Procedures. The obvious method for studjdng the problem was to 
induce premature S3’’stoles of various sizes and to appty a second strong 
shock at various moments of such beats. Although simple in principle, 
three methods needed to be used in order to cover all contingencies: 

1. A weak condenser shock Avas applied to the left ventricle during 

^This investigation was supported by a Grant from the John and Mary R. 
Markle Foundation. 

* Fellow of .the Belgian-American Educational Foundation. 

^Porter Fellow of the Amer. Physiol. Soc. 
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eveiy sixth natural beat. By keeping this shock ever so slightly out of 
phase Avith the natural beat, the ventricle was excited progressively later 
(or earlier) in diastole, thus jdelding beats of different amplitude and 
foi-m. A definite interval after such a condenser shock, a brief D.C. shock 
(0.01-0.02 sec.) of varying intensit 3 ’’ was applied. This interval was 
changed after each set of obserA'ations. 

2. The heart Avas driAmn bj’- repeated AA'eak condenser shocks AA'hich 
AA^ere applied first to the right auricle and then to the left A’entricle. In 
each case, a brief D.C. shock of increasing strength AA^as applied to the 
left ventricle during CAmiy sixth beat, a definite interval after the con- 



Fig. 1. Diagram of stimulator for introducing three different shocks at dcfinitclj' 
related intervals. Discussion in text. 

den.ser shock. Thi.s inteiwal Avas also changed after each set of observa- 
tions. 

3. In order to compare sIoav beats of atrial and A’cntricular origin, the 
sinus node Avas fii'st clamped, or the heart sloAvcd ly application of a 
1 :200() .solution of prostigminc bromide to the posterior surface of the right 
auricle. The heart Avas driven at a sIoav rate by Aveak bi’cak induction 
shocks applied to the right auricle. During ever\' sixth beat, the left 
ventricle tras excited by a Aveak condenser shock which autoinaticalK' fell 
I>rogressively later in diastole. This aa’us folloAvcd, after a set interval, ly 
a brief D.C. .‘•hock which fell at A'arious moments of the induced pre- 
mature boat. 
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A photograph of the apparatus b}’’ which as many as three such inter- 
related stimuli could be applied is shown in figure 1. The D.C. shock was 
produced and graded in intensity as described in a previous communica- 
tion (2).^ The duration of the shock was regulated b}^ the opening of a key 
bj^ the slotted cylinder A. The condenser shock was apphed through a 
rotating commutator, B, similar to that described by A. V. Hill (5). 
Since this was on a common shaft with cylinder A, the degree of precedence 
of this shock could be controlled b}’’ rotating the commutator on the shaft. 
A calibrated index scale, C, facilitated such setting. In addition, a set of 
toothed wheels operating the primaiy and short-circuiting ke 3 ^s, D, of an 
inductorium was geared to the main shaft at a ratio of 176:175, therebj’^ 
providing an arrangement b}’" which the induction shocks were applied 6 
times as often as the condenser or D.C. shocks, preceding them bj'^ a 
graduall}’^ decreasing interval (ca, 10 msec.). 

As in studies previous^ reported (1, 2, 3, 4) dogs were anesthetized 
with morphine and barbital, the heart was exposed and Ag-AgCl electrodes 
8 mm. apart were applied to an easily’' identifiable spot. After each 
fibrillation, dogs were resuscitated bj’- use of the Hooker countershock 
method. A “standard lead” electrocardiogram, a left ventricular pressure 
curve and the incidence, duration and strength of the D.C. shock were 
simultaneously^ recorded. 

Results. Our interpretations are based on a thorough study’- of many’- 
sets of observations on 15 dogs. 

Span of reactive and vulnerable period in small ineffective beats of left 
ventricidar origin. Small ineffective beats are characterized by’- pressure 
curves having a slowly'- rising gradient, a rather peaked summit, and a 
gradually’- declining gradient. Since no expulsion of blood from the left 
ventricle occurs, the end of mechanical sy’-stole cannot be definitely de- 
termined. 

In such beats the refractoiy state terminates definitely before the peak, 
i.e., a second stimulus applied somewhat before the top, on the ascending 
curve, causes another small contraction (fig. 2). However, multiple beats 
or fibrillation only^ occur when the shock falls on tlie descending limb. In 
other words, the vulnerable period lies bey’-ond the summit and extends 
nearly^ to the bottom of the descending limb. Curves illustrating such 
effects are shovm in figures 3 and 4. In this experiment 15 D.C. shocks 
(0.0066-0.02 sec. in duration, 9.5-10 M.A.), administered 0.026 second 
before the peak caused 1 additional beat; 16 D.C. shocks (0.01-0.02 sec. 
in duration, 9-10 M.A.), applied just after the peak, caused a single beat, 
10 times; two beats, 4 times; and no response, twice. Six shocks (0.0068- 
0.018 sec. duration; 9-10 M.A.) caused two premature contractions, 4 

^ The resistance K, figure 1, of the communication (2) was erroneously labeled. 
It should have been 35,000 ohms. 



VULNERABLE PERIOD FOR VENTRICULAR FIBRILLATION 


655 


times; a single premature beat, once; and finally fibrillation, as shown in 
figure 4. 

Similar reactions occurred when the left ventricle was driven rapidly 
and a brief D.C. shock was occasionally introduced at various moments of 
a cjmle. A few of the fibrillations following use of strong shocks of 30 
M.A. are illustrated bj”- curves of figures 5, 6 and 7. While such current 
intensities represented the fibrillation thresholds early in an experiment, 
it was found after repeated fibrillations and dcfibrillations in which ade- 
quate recoveiy intervals were not permitted, that much weaker currents 
sufficed. An extreme instance is shown in figure 8 from the same experi- 
ment in which a shock of onl}’’ 6 AI.A. eventually caused fibrillation. The 
question may be raised whether the D.C. shock S or the succeeding con- 
denser shock which fell at Y actually caused the fibrillation. While it 
seems improbable that such weak condenser shocks could have ' been 
effective, it is really immaterial, for, in either case, fibrillation was caused 
by a weak shock during a vulnerable period. 

Span of reactive and vulnerable periods in large, effective beats of ventricular 
origin. We found in large beats of left ventricular origin that a supra- 
threshold shock (ca, 20-30 M.A.) induces fibrillation when it is applied 
anywhere between midsystole to the end of isometric relaxation. This 
is in contrast to supraventricular beats in fresh hearts which cannot be 
fibrillated by shocks applied far down on the descending limb. This 
apparently indicates an extension of the vulnerable period. Typical 
fibrillation produced by shocks (0.02 sec., 22-23 M.A.) applied during 
various moments of the cardiac cimle are shown in figures 9, 10 and 11. 

Such extension of the vulnerable period almost to the bottom of the 
isometric relaxation curve is not wholly a function of an ipsiventricular 
focus of excitation. In previous work we had noted occasionally after 
repeated fibrillations and defibrillations that shocks administered somewhat 
later than the limits originally placed on the span of the vulnerable 
period (1) caused fibrillation. We have now obtained more striking con- 
firmation of the fact that repeated fibrillations and revival, or deterioration 
of the m 3 mcardium, cause a similar extension of the vulnerable period in 
normally initiated beats. This is illustrated bj'- two records taken re- 
spectively early and late in a prolonged experiment. In the record of 
figure 12 the latest moment when fibrillation was elicited (D.C. shock 
0.02 sec., 23 M.A.) was near the end of systole. In the record of figure 13 
a similar shock applied low on the descending limb of the curve was quite 
effective. Comparison of the ventricular pressure curves reveals fullj^ as 
large an amplitude in the latter; but the duration of systole is obviousl}^ 
less. The latter is an eaiW characteristic of many deleterious actions 
such as anoxia, fatigue, etc. 

Comparative fibrillation thresholds of left ventricular beats elicited over 
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paper bj' means of an oscillograph galvanometer of the Duddell type. 
The galvanometer is activated by a differential amplifier. For lead 
electrodes we emploj- three fine steel sewing needles (no. 12). These 
are lacquered to the extreme tips, sterilized in phenol solution, rinsed 
in alcohol and inserted into a muscle through a prepared skin area. 
In most cases the needles are arranged in a triangle about 2 mm. on 
a side. These electrodes are not satisfactory if intense muscular 
contractions are produced. They are, however, Avell suited for use 
with the slight tension efforts which we have studied. Following 
each experiment the needles are sharpened and relacquered. They 
cause but slight discomfort as they are being inserted into the skin 
and once placed in the muscle should not be noticeable to the subject. 
Occasionally a needle impinges on a nerve twig and causes pain or 
muscular twitches with each movement. In these cases the needle 
is removed and reinserted. A telephone receiver connected with the 
amplifier furnishes information as to the proximitj'- and activity of 
muscle units near the needle point and thus acts first as a guide in 
placing needles and thereafter as an indication to the subject con- 
cerning the responses which are being recorded during the tension 
efforts which he may make. Occasionally we have obtained excellent 
records of single unit responses with quite uninsulated needles, the 
ground lead and one grid needle being thrust into the skin and the 
other grid needle being inserted just deeply enough to record from a 
unit which lies near the surface of the muscle. This method is not 
recommended as routinelj'' dependable. 

Although single unit responses can sometimes be gotten by other 
types of electrode, it seems pertinent to point out here that neither 
the use of the coaxial type of electrode nor the use of “pore” type 
electrodes such as we have used, guarantees recording from discrete 
single units. Each record must be interpreted without preconcep- 
tions or prejudices as to the specificity of lead relationships for a given 
type of electrode. In our experiments we have usually placed the 
needles so that with slight movements only the responses of a single 
unit are apparent in the records. In almost all cases the I'esponses 
of additional units appear when somewhat more intense efforts are 
made. Under favorable circumstances we can obtain records with 
one, two or three units showing responses which are reproducible and 
well controlled. Such records have been used in examining the 
relationship between activities of separate units. With larger numbers 
of responding units recording we have found it impractical to follow 
the activities of a given single unit. It is, of course, largely a matter 
of chance to place the needle points so that a single unit may record 
without the complicating presence of other near-by units which are 
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marked changes of recorded amplitude, we have attributed such changes 
of amplitude as are seen in figure 1 -K to mechanical disturbance of the 
spatial relationships between the active unit and the lead needles. We 
have found no reason to believe that there is an increase of the amplitude 
of the single unit spike with increased tension or frequency of unit dis- 
charge. An increase of “spike” amplitude with increased tension is, of 
course, seen where multiple units are recorded so that with increased 
tension and increased number of recording units there is increased summa- 
tion of unit discharges. 

Records of tension exerted have been obtained by use of spring torsion 
levers. Because the recorded movement of a part has usually involved 
the participation of more than one muscle, the records so far obtained 
have been of service merely as guides to time and tension relationships. 
Records for finger muscle contractions have been the most satisfactory 
in this respect, but even these cannot be regarded as precision records of 
the tension changes of a single muscle. 

Results. 1. liespotises mth brief efforts. It has been a generally 
held belief that even the shortest of volitional efforts involves a brief but 
rhjdhmic discharge of those motor neurones concerned in the activation 
of muscle fibers. In recent 3 'ears it has seemed clear that in sustained 
voluntary contractions the individual motor neurones discharge more or 
less asynchronous!}'' but at relatively slow rates. For a sustained move- 
ment, the discharge frequency for a given motor neurone may for the 
moment be considered to range upward from Lindsley’s minimum figure 
of 3 per second. Stetson and Bouman (7) used skin electrodes to record 
action potentials from the muscles in the forearm while tapping movements 
were being made with the hand. They reported a tendency for action 
potentials to be grouped into unit bursts which had a duration of about 
50 msec. Since sustained discharge of single motor units at rates less than 
20 per second (that is, with discharge intervals greater than 50 msec.) are 
easily obtained, there seemed to be ample possibility of making a voli- 
tional movement so brief and so slight that a single recording motor unit 
might respond once and only once for each volitional effort. 

This has been attempted and found possible. Eight normal individuals 
have so far acted as subjects. Each of these individuals has yielded records 
from one or more of fourteen different muscles. In all cases it has been 
possible to record single motor unit discharges with discrete volitional 
efforts. Figure 1 -A illustrates the case in point. While this record was 
being made the finger could exert a steady tension of about twenty grams 
on the lever without discharge of the recording unit. For the first and 
last two responses of figure 1-A the finger made a quick flexion movement 
representing a further tension on the lever of about ten grams. The 
movement at the finger was about 7 ' mm. Comparison of the elec- 
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trical and mechanical records shows that each tension effort produced 
a single spike discharge which is interpreted as representing the discharge 
from a single motor unit. Such an interpretation is based on the fact 
that if the tension is not quickly'’ released but is sustained, there occiu-s the 
simple rhythmic discharge of recorded spikes of essentialh'’ constant height 
and form. This criterion of single unit activity has been considered 
acceptable by previous workers. It does include certain assumptions 
which are made in this as in previous studies bj’- other workers. Single 
spike (i.e., .single unit) discharges may also be obtained when the subject 
makes a slow tensing effort until the telephone indicates a discharge, the 
effort then being immediately discontinued (fig. 1-A, second response). 
Because the .subject’s reaction time is involved in such a procedure he must 
be in a good .state of motor control if his attempt is to be successful. On 
the other hand, under favorable conditions, this is perhaps the most 
dependable method of eliciting such single spilce responses. In a subject 
under general tension the method usually produces only multiple spike 
discharges. 

To complete the record it may be said that single spike responses have 
been produced in two other waj^s. The first of these has consisted in the 


Fig. 1. All records except H, I and J were taken from the flexor digitorum sublimis 
over a period of about two hours. H, I and J were recorded from an adjacent region 
of the same muscle at another time. Time lines, inked for reproduction, mark inter- 
vals of ^ second. Mechanical record from spring lever attached to finger by a thread. 
Mechanical movement amplified about 20x. Spring lever tension for records H, I 
and J indicated on record H. Tension calibration for other records indicated on 
record F. 

A. Discrete volitional movements resulted in single unit discharges for each 
movement. 

B and C. With greater effort the single unit shows a double discharge. 

D. With still greater effort additional units near the lead-off point become active. 

E. Response of single unit with repetitive movement. Toward the latter part of 
the strip a second unit is responding. 

F and G. Slow increase and decrease of unit discharge frequency with slow in- 
crease and decrease of tension, respectively. In G, the last discharge of the unit is 
included in the figure. There followed a period of several seconds during which the 
recording unit showed no discharges. 

H. Double discharge followed by a pause at the beginning of a movement. In- 
terruption of discharge with quick partial release of tension and sudden cessation of 
discharge with quick final tension release. 

I. Double discharge with duration of second interval nearlj' equal to that of the 
third when initial tension increase is smoothl3’' continued. 

J. Double discharge without long pause with but brief interruption of tension 
increase. 

K. Record of flexion of third digit. 

L. Record of flexion of fourth digit immediately after recording of K. Position of 
needles unchanged from that for K. 
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flexion with supernatiou. Similar results were obtained on another 
occasion with the lateral division of the triceps muscle of the arm. 

Figures 1-K and 1-L illustrate another instance of the same sort. 
Needles were inserted in the superficial flexor muscle to the fingers. The 
needle points were separated about 4 mm., one being somewhat deeper 
than the others. Movement of the index or little fingers gave no recorded 
activity'-, even with rather intense flexion effort. Flexion of the third finger 
produced threshold recorded activity as indicated in figure 1-K and flexion 
of the fourth finger gave threshold recorded activity as recorded in figure 
1-L. To obtain the mechanical records which are reproduced, a thread 
loop attached to the recording lever was carefully changed from one finger 
to the other by an assistant. However, the procedure of recording cannot 
be held responsible for the shift of the unit recording because of shift of 
the needle positions as the transfer was accomplished with little or no 
disturbance and was repeated several times. Moreover, it was observed 
that a similar change of threshold unit response occurred when the fingers 
were alternately flexed either free or against an unyielding surface and 
with no attachment to the spring lever. For figures 1-K and 1-L it is 
obvious that the recording units were significantly closer in the one case 
to one of the needles and closer to the other needle in the other case. In 
two of our records it seems probable that a similar functionally different 
pair of units lay mainly within the veiy hmited range of lead of a single 
needle point but such an interpretation must for the moment be held as 
merely tentative. For the case of figure 1-K and 1-L it is recognized that 
the superficial finger flexor muscle is not a simple muscle and that move- 
ment of the third or of the fourth fingers may be made more or less inde- 
pendently. For this case, therefore, we could merely conclude that for 
the position of the needles which happened to apply, the recorded response 
of “flexing the fingers” might well have indicated an apparent independence 
of threshold of the units involved. On the other hand, carefully repeated 
movements of a single digital joint showed consistent and reproducible 
responses. 

For the present it may be said without qualification that in none of our 
records, obtained when both subject and operator have been satisfied 
that the movement pattern has remained unchanged has a unit. A, appear- 
ing at a tension threshold lower than that of a second unit, B, shown any 
failure to continue in activity under maintained tension effort. Usually 
A will at all times have a frequency of discharge higher than that for B. 
This is not invariable in our records, however, though the freciuency of B 
has never been more than slightly higher than that of A and in these cases 
the effort has always been sufficiently great so that there has always been 
the possibility of an unconscious slight change in the movement pattern. 
Lindsley’s summaiy (p. 98) of the means by which the strength of a muscle 



•cr,(il ‘lie :i6a 'N'OXOKnmaiiS ‘g ;> <i.vv \i •;) '.i "nnnari (z) 

■dd r.n- ‘IXlTd ‘J.niffunj,- 

‘:iJo\A\n\r •uin-jsXs niKiAJOit oip jo iioii.w oAiiiMJjniiij -g -q ‘NoxoKnr.iHitg (i) 

SHOX'MHH.'IHH 


•uoiKih)4 jnjiiOHiiui 

tpiAV ojjids 411111 oiStiis oij4 JO opnjndaiTJ pasnojoui s?i ojotjj jtiqj luouiojips- 
01(4 j.ioddns- 04 uioos ppioAV qoit{.\v poA.iasqo uooq sxiq oouopiAO ox '(j 

•poSutiqoun (louunu 

-o.i sT?i( ii.i044i;d juomoAOUi oqj 4111(4 po(iiAo.id S4.10JJ0 iioisuo4 pouixqsns 
ui AlAiJoti 4iun JO 11014110.104(1; .10 110141140.1 iiAioqs OAoq sp.iooo.i ox ‘8 

•.^4iAi40i; 4iun jo uoi4ii^'s-0D 

uoppns 04 .10 (iinpi;.i3 04 .101(410 onp oq Amu 4 iiouioaoui jo uoijosi-o;^ v 

•snouo.iqo 

-ii.feii ojinb soiuoooq .CiJ(Oinb sjiun snouiiA oqj jo oS.mqasip oqj jfsinq jsay 
sii{4 SiiLuono^ -gjiim snouoA 01(4 jo oS.ioqosip jo .^410111:4(111111?; 11 p.iii.\\04 
qoiio.iddi: 1111 piiii p(oi{£f0.ii{4 4S9.uo( jo sjiun oi(4 jo 9S.iiiqosip o(qnop v A((i;nsn 
SI 0.191(4 iC(uoppns unSaq si juouioaoui 91(4 jj -8411111 (iiuoi4ippii jo uoissoooii 
(BtipaiS n i(4TAi pim p(oqs9.iq4 4S9 a\0( jo sjiun oqj jo .t9U9tibo.ij 9S.iiiqosip 
JO 0S119.10UT (onpo.iS 11 1(4IAV iC(A\0(s iinSoq aq .Com sjuamoAoiii pauiojsng -9 

•osuodsaj 

01(4 JO osoqd (0141111 aq4 ui p9A.T9sqo oq 04 saqids (Oi4ii04od p94ouiuins 
0.10 9.101U 91(4 4U9U10AOUI 01(4 OSUO4U1 a.ioui oqx '.Cjtatjoo 04UI 4i(Sno.Tq 
o.io sjiuix .1040U1 (ouoijippo sjuaiuoAoui qoinb ‘osiiojin a.ioui qji^V '9 

•jiun §uip.iooa.i a(Suis o jo asuodso.i 0(Su]s o Avoqs 
1(000 Aoui ‘puooos .lod S9U1I4 (0.iaAas pajoado.! ‘sjuauiOAOiu oiuiqjAqy; -p 

•giun §inp.iooaj a(Suis o jo saSaoqosip 
0(qnop aq .Com o.iaqj oo.ioj .ia4oa.iS iC(4qSi(S jo sjuamaAom qoinb .loj '8 
•()ap.iooa.i Suiaq st .C41.U400 osoqAv ^ran .1040m oqj jo oS.ioqosip a(Suis o ^Cq 
pamodmooao aq qooa .Com S4.iojg[0 .C.i04un(0A jai.iq puo 4qS!(S 'o4a.iosiQ -g 
•4.1050 .C.T04mi(0A 4qSi(S jo suoi4i(3uoD snouoA .lapun o(asnm uomnq (om.tou 
JO sjiun Aiaj o .10 ouo mo.xj paniojqo uaaq oAoq S(x.iodo.t (001.1400(3; •( 

AHvivims 

•u.ia44od 4 xiamaAom (0404 oq4 sq.TU4Sip 
oSiioqo .ioq40 .10 (0.in4Sod o jo 4.105a Xj04un(0A (14UII .(C(qoqo.id oS.ioqosip 
oiimfj.Cq.i ‘snouo.iqo.Cso .1101(4 ui anai4uoo sjiun Saipuodsa.i oq4 ((O ‘uois 
-1194 p8inti4sns .C(q40oms o so panux4U00 si 4.105a 054 (ouo pa4(oq si aso9.ioui 
iioisuaj oq4 uoq^\\^ -001400 04UI 4qSno.iq 0.10 S4iim .101(40 puo oS.ioqosip 
.U9q4 JO .Couanba.ij oqj ui asoa.ioui sjiun asoqj sasoa.iour UO1400.14UOO aqj sy 
•jiun 0{§uis o JO uoAO sdoq.iad sjiun .woj .C.ia.v o jo asuodsa.! a\ 0 (S o qjiAv 
suiSaq jiiamoAoiu oqx 'uoisuaj a(qo.iopisuoo jo UO1400.14U00 o dojaAap 
.C(q4ooms puo .C(.ao(s .Com ajosnm o qoiqAV .Cq suoam aq4 aqi.iosop 04 U014 
-ooyipom 4qSi(S 4nq qjiAV pasn aq a.ioja.iaq4 .Com (oapo.iS aq .Com UO1400.14UOO 


smiK *a -.A UNV -uf ‘nosuio 's -v 


899 



SINGLE MOTOR UNIT ACTIVITY 


669 


(3) Adrian, E. D. and D. W. Bronk. J. Physiol. 67: 119, 1929. 

(4) Denny-Broiyn, D. Proc. Roy. Soc. B103: 252, 1929. 

(5) Smith, O. C. This Journal 108: 629, 1934. 

(6) Lindsley, D. B. This Journal 114: 90, 1935. 

(7) Stetson, R. H. and H. D. Bod.man. Arch. Need, de Physiol. 20: 177, 1935. 

(8) Eccles, J- C. and H. E. Hoff. Proc. Roy. Soc. BllO: 483, 1932. 

(9) Forbes, A. Physiol. Rev. 2: 361, 1922. 

(10) Hoefer, P. F. a. .\nd T. J. Putnaai. Arch. Neurol, and Psychiat. 42: 201, 1939. 



ozo 


‘9!7M 

•VVI'AV P’*'' uo!Ji!pmio^-l oi>|.ii:jv' 'y a'jjjjv: put! nijoc .iijj tiiojj jinuij v ,C(| popty , 

.n:Sns' poojC| tit osi.t .ii:![iuit?j oq; Xjuo ym j-'A\ot(s i oppij^ 

•potpoui mmi).iTti-j-.ioyt;t{g ;ni:) ;o uopiMippoui 
1X5)01110^ oi|^ jo stniout A'q pouiiu.io}op sc.u .ttiSiis- poo|({ ot| p -.ttirJ.itnjjoi 
.loiip!.! ])o.u:o(Id)7 Aoi[X •>p3iuuin os-oq^ ui Apiujupoxo ])OKt!.).ioiq jo suSib- 
oftjiKiA A'un osiiTi.) 50U ])ip Siqyioq jo oo.iSop piuu.siqx ’^qinq iqSq oi-ipiojo 
(o s-dtjoui Ac{ {OAOi siif5 qp pauni^uicui pm; ’J^Z2 o? IS pobica s-ua\ a.m? 
-R.iocliuo} p;piounio.itAuo oqx ‘OoP o? Z P «! b-opiuiui qi .ioj sjRunm; 
oq? SuibMouuui A’q poqfkh; suav pjoo -s.inoq gi .loj pa:)!?i;j a.toAv sp;iuim; otp 
piounjaclxo oq^ o:| .loi.ij -bqR.r paziiuo^oScA ‘i[pinoj pazuuo;oSuA-pop;| 
-jnpoiuap-ouo.ipt; ‘p.tiq? .‘spi.i po^Rqnpaiuap-oua.ipu ‘ptiooos’ .‘p;ui.iou qs-iq 
:s:)U.t JO sdno.iS .luoj no paui.ioj.iad a.iaAv bquouji.iadx 3 aqx •sj.todo.i Suipaa 
-o.id ui poAOjduio asoqj oj .n;|iuns a.iaAv pagn spoqjam aqx -aoHJ-ajvr 
•siuojPAs asaqj oj ppa pm; juaq jo uoi-jnia.i aijj ajngijsaAui oj js-a.iajui 
|o pauiaap b-uAv ji ‘suiajsAs juua.ipu-oaijaqjndiUAS pm; uqnsui-oSBA qjoci jo 
tiopnjiaxa m; asm;a (u.toqqoo pm; .iaiss-a>i fujoqpap) pm; naj.io;3 ‘mimpia^) 
suoisfnAUoa paonpui A[p;ai.ijoa{a pm; aumaoo ‘jozR.ijam ‘jtiamajiaxa [Ruoij 
- ouia oj Sinpitoj suoijipiioa ‘nixom; sc qons sSn.ip puc sa.inpaao.id jcqj jacj 
aqj JO AvaiA uj quamajiaxa icuoijoiua oj anp aq oj jqSnoqj scav qaiqAv 
paj.mooo ciuiaOiCjS-iadA'q suoijcA.iasqo siq jo jsoiu uj McSns poojq aqj uo 
o.tnjuioduiaj icjiiauiuo.uAua passa.ioui jo sjoajga jnajsisuoa puy oj ajqcun 
scAV aq AuiojoSca Aq paqsqoqt; sca\ qoiqAV luajsAs iqinsui-ogcA oqj .laAO 
agactjosip c oj spcaj sai.iaj.ic pijo.ico aq;) ui poo]q aqj ginjcaq jcqj poA.iasqo 
.Tagi00 qgnoqjiv 'UAVOiq ssaj si uiajsAs snoA.iau oiiuouojnc aqj uo a.injc.iad 
-uiaj icjuaiuuo.ttAua pa&ca.ioui jo joajya aqx Auiojoaiuqauc|ds 

Aq paqsijoqc si p[oo oj a.insodxa aqj auoqoj Apicpiga.! qoupw cuuaaA’ig 
-.ladAjj •(g.Taqssojqog puc .iaAA\cg) s|o.i;)uoa pajc.iadoun ucqj pjoa oj 
OAijisuas a.iom a.ic sjco pazRuojaaqjcduLifs jcqj jocj aqj xuoaj juapiAa si uoij 
-oca.i siqj JO aaucj.iodiui aqx 'paqsqqcjsa qaAv uaaq scq luajsAs jcuajpc 
-ODijaqjcduiAs aqj uo pjoo jo joajja aqj suoijcgijsaAui s^uouucq aomg 

TPGT ‘91 Acjy uopcotjqnd joj pa^dsDoy 
I'llI ‘oBvotyj 

‘9upip9j\j fo oBojjoq ‘swvtjijfo ri]jsu3antfi ‘ru^Diyonsj puv riDojoisriyj fo sjuamjuvdaQ 

NVIMaiad T NHOHnaO 'a 

SKSiSAS lYXaHaV-OOIXaHXVdl'MAS SHi QNV 
Nnnsxi-oovA SHi xXO xvaH axY^ aaoo ao aoNamaxi anx 



TEMPERATURE AND AUTONOMIC NERVOUS SYSTEM 


671 


foUowng cooling in the normal rat which is generally attributed to the 
effect on the sympathetico-adrenal system but indicates also that the 

TABLE 1 

Effect of cold* on blood sugar 


Blood sugar (mgm. per cent) 


HAT NUMBER 

CONTHOIi (dEFOKE 

coolinq) 

TIME AFTER COOLING 

1 minute 

60 minutes 

120 minutes 


A 

Normal rats 



1 

74 

90 

101 

99 

2 

71 

so 

91 

91 ■ 

3 

71 

84 

99 

87 

4 

74 

81 

90 

85 

5 

73 

86 

101 

91 

6 

72 

89 

110 

100 

Mean 

73 

85 


92 

St. dev 

1.3 

3.9 


5.6 

P 


<0.01 

<0.01 

<0.01 


B. Adreno-demedullated rats 


1 

66 

49 

43 

52 

2 

67 

60 

49 

53 

3 

62 

56 

54 

48 

4 

60 

60 

52 

38 

5 

59 

48 

41 

42 

6 

62 

60 

49 

43 

Mean 

63 

56 

48 

46 

St. dev 

2.7 

4.9 

4.5 

5.4 

P 


0.011 

<0.01 



C. Adreno-demedvdlated-vagotomized rats 


1 

1 

71 

79 

75 

75 

2 

67 

70 

77 

72 

3 

71 

81 

SO 

77 

4 

65 

67 

66 

63 

5 

66 

71 

75 

69 

6 

69 

71 

73 

71 

Mean 

68 

73 

74 


St. dev 

2.5 

5.1 

4.4 


P 


0.05 

0.02 



* The rats were placed in an ice water bath of 2 to 4°C. for 10 minutes. 


vago-insulin system is excited. This is proven by the fact that in the 
adreno-demedullated animals exposure to cold leads to a consistent fall 
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TABLE 2 


The effect of heat (31-32°C.) on the blood sugar 



CONTROL 

1 HOUR 

2 HOURS 

4 HOURS 

5 HOURS 

6 HOURS 



c: 


t 

eS 


< ' 

c3 


I 






u 

Ci 

U 




U 

tm 




u 

O 

RAT NUMBER 



S. 1 


c: 


CS 


a 




3 

s 

3 

C 


3 

3 

3 

to 

c 1 


s 


rs 

o 

ocly to 
turo 

as 

s 

! C 

ody to 
turo 

so 

r3 

o 

ody to 
turo 

IB 

C 

O 

ody to 
turo 

7i 

5 

o 

ody to 
turo 

as 

*3 

O 

O 

ody to 
turo 



! B 1 


1 n 1 

B 

! B 1 

B 

1 B 1 

B 

IB 1 

a 

B 


A. Normal rats 



mgm. 


mgm. 


mgm. 


mgm. 


ingm. 


7ngm. 

Hi 


per 

“F. 

per 

“F. 

per 

“F. 

per 

°F. 

per 

°F. 

per 



cent 


cent 


cent 


cent 


cent 


cent 

HH 

1 

73 

100 

79 

104 

67 


59 


61 

104 



2 

74 

19 

75 

103 

SO 


70 

103 

60 

104 


■raj 

3 

71 

19 

75 

104 

76 

IQS 

72 

104 

65 

104 

61 


4 

75 

19 

79 

104 

81 

■fill 

71 

104 

66 

104 

60 

104 

5 

74 

102 

77 

102 

77 

102 

68 

103 

69 

104 

69 


G 

71 

101 

75 

102 

81 

103 

71 

104 

67 

104 

63 

jB 

Mean 

73 

■ 

77 

■ 

77 

■ 

68 

■ 

65 


63 

B 

St. dev 

1.6 


1.5 

■ 

4.9 


4.4 


3.0 


2.7 


P 


■ 

<0.01 


0.1 

■ 

<0.01 

■ 

<0.01 


<0.01 

B 


B. Aclreno-clemedullated rats 


1 

63 

99 

63 

100 

58 

Hi 

56 

104 

54 

104 

58 

101 

2 

69 

100 

60 

IQ 

53 

1 li 

56 

103 

58 

1 » 

61 

104 

3 

69 

101 


IQ 

56 

1 1 i 

48 

104 

5-1 

1 1 

58 

104 

4 

65 

99 

67 


59 

1 ! ■ 

56 

102 

59 

1 1 ( 

62 

104 

5 

68 

98 

71 


65 

1 1 ■ 

59 

103 

60 

1 li 

65 

lot 

6 

66 

99 

58 


56 


45 

103 

47 

By 

55 

103 

Mean 

67 

■ 

63 


58 


53 


55 


60 


St. dev 

2.1 


4.4 


3.7 


4.9 


4.4 


3.2 


P 


H 

0.13 


<0.01 


<0.01 


<0.01 


<0.01 



C. Adreno-demedullated-vngotoinized rats 


1 

67 

100 

77 

102 

97 

102 

88 


86 


86 

||! 

2 

63 

100 

67 

102 

71 

101 

67 

104 

67 


67 

1 1 

3 

74 

102 

77 

tm 

77 

102 

68 


69 


69 

■ 1 

4 

66 

98 

67 


71 

102 

69 

104 





5 

65 

09 

88 

103 

73 

101 

76 

101 





0 

75 

100 

SO 


85 

102 

79 


79 


77 

103 

Mciui 

68 


76 


79 


74 


75 


75 


.St. <lev 

5.3 


7.0 


9.3 


7.9 


7.8 


7.7 


P 





0.04 

i 

0.15 


0.16 


0.13 
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TABLE 2 — Concluded 


BAT NUMBER 

CONTROL 

1 HOUR 

2 BOORS 

4 BOORS 

5 BOORS 

6 BOORS 

Blood sugar 

h 

o 

o 

t « 

rs 3 
o 

a 

=3 

3 

33 

*3 

O 

o 

s 

Body tempera- 
turo 

Blood sugar 

Body lompcru- 
turo 

a 

to 

5 

o 

o 

s 

Body tempera- 
ture 

Blood sugar 

Body tempera- 
ture 

Blood sugar 

Body tempera- 
ture 

D. Vagotomized rats 


mgm. 


vigm. 


mpm. 


mgm. 


ing7n. 


ingin. 



per 

°E. 

per 

°F. 

per 

‘F. 

per 

’■F. 

per 

°F. 

per 

°F. 


cent 


cent 


cent 


cent 


cent 


cent 


1 

70 


74 


86 

103 

87 


81 

104 

72 


2 

73 


79 

103 

84 

103 

89 

104 

86 

104 

76 


3 

71 


80 

102 

90 

103 

90 

m 

83 

103 

73 


4 

72 

99 

76 

101 

88 

102 

87 


81 

103 

' 77 

104 

5 

71 

98 

75 

104 

81 

104 

72 

104 

72 

104 

71 

104 

6 

76 

99 

81 

101 

88 

102 

85 

102 

83 

103 

81 

103 


m 

■ 

77 

■ 

86 

■ 

85 


81 


75 





2.3 


3.2 


6.1 


4.3 


2.4 



H 

■ 


■ 

<0.01 

■ 

<0.01 


<0.01 


0.11 



in blood sugar. This effect is masked by the predominance of the sym- 
pathetico-adrenal effects in the normal animal. That this interpretation 
is correct is proven by the fact that no significant changes in blood .sugar 
occur if neither the adrenal medulla nor the islands of Langerhans can be 
excited via the autonomic nervous system. This is shown in group 3 in 
which the adrenals have been demedullated and the vagi cut and in which 
only a very slight and statistically insignificant rise in blood sugar occurred. 

Table 2 shows the effect of increased environmental temperature on the 
blood sugar of rats. Our procedure raised the temperature in rats by 
about 4°F. durmg a period of 6 hours. Although no significant difference 
in the reaction of the temperature of the body was observed in these various 
groups, the blood sugar response was specific. In order to understand the 
relatively complex reaction of the normal rats it is best to consider first 
the effect of heat on group B (adrenodemedullated) , and D (vagotomized). 
In the former the blood sugar can be influenced as far as nervous impulses 
are concerned onlj'^ by stimulation of the vago-insulin .system and in the 
fatter solely by stimulation of the sympathetico-adrenal sj’-stem. The 
results correspond to this expectation in as much as the blood sugar falls 
on exposure to heat in adreno-demedullated rats, whereas heat caused a 
hyperglycemia in vagotomized animals. These results make it probable 
that no significant changes in blood sugar would result from heat if the 
nervous action on both insulin and adrenal systems were no longer possible. 
Experiments with group C (adreno-demedullated-vagotomized) show 
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indeed onl}’- a slight rise in blood sugar which is statistically insignificant. 
Moreover, rats kept at room temperature and subjected to the same number 
of blood samplings do not show any significant change in blood sugar 
(table 3). 

The blood sugar curve of normal rats shows on exposure to heat a sig- 
nificant and progressive fall beginning Mtli the fourth hour. During 
the first 2 hours there is a slight and statistically not significant rise in 
blood sugar. In the light of the experiments performed on vagotomized 
and on adreno-demedullated rats it seems probable that the curve obtained 
on normal rats results from the interaction of the excitation of both syra- 
pathetico-adrenal and vago-insulin systems. Apparently increased as 
well as decreased environmental temperature leads to discharges over the 
S3mipathetico-adrenal and vago-insulin sj’^stems, but there is a fundamental 
difference in the reactivity of the normal animal to cold and to heat. 

TABLE 3 


Normal rats kept at room temperature (2S°C.) 

Blood sugar (mgm. per cent) determined in hourly intervals 


UAT 

0 BOUB 

1 HOUB 

2 HOUHS 

3 HOUBS 

4 Honns 

5 UOCBS 

G 210UB3 

1 

74 

— 

75 

— 




2 

77 


75 




■B 

3 

75 

73 

74 




mm 

4 

72 

75 

74 

mm 

74 


H 

Mean 

75 

76 

75 

B 

76 


75 


'\\4iereas on exposure to cold the effect on the s^^mpathetico-adrenal system 
predominates to such an extent that e.xcitation of the vago-insulin system 
occurring simultaneous!}’- with that of the sj^mpathetico-adrenal system 
can only be revealed b}' the stud}’- of the adreno-demedullated rats, heat 
acts more powerfully on the vago-insulin system although the excitation 
of the .sympathetico-adrenal .system occurring in normal rats at the same 
time leads to a delay of the fall in blood sugar in these animals. If, how- 
ever, effects on the vago-insulin system are excluded by the subdiaphrag- 
matic vagotomy, the action of heat on the sympathetico-adrenal system 
Ls easily ascertained by its hyperglycemic effect. 

Cold, heat, ano.xia, metrazol, emotional excitement, bulbo-capnine, 
cocaine and electrically induced convulsions act on both vago-insulin 
and .symjiathetico-adrenal .systems. In contrast to all the other procedures 
just mentioned heat is the only condition thus far investigated in which the 
vago-iu-sulin .system i.s more excited than the .sympathetico-adrenal .sy.stem 
if the change in blood sugar i.s taken a.s an indicator. This specificity is 
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important with respect to homeostatic regulations. Dudley and col- 
laborators showed a decrease in oxygen consumption after insulin. It is 
also knoMTi that, particularly in man, insulin hypoglycemia is associated 
vith a fall in body temperature. On both effects, however, the literature 
is controversial, probablj’’ due to the fact that during insulin hypoglycemia 
adrenalin is being secreted and mai’’ offset the effect of iasulin on metab- 
olism and body temperature. There is further evidence in the studies of 
Laufberger, Rosenthal, Licht and Freund that insulin interferes with heat 
production. In the light of these observations the predominance of the 
stimulation of the vago-insulin si'stem on exposure to heat seems to have 
a tendency to counteract the deleterious effects of over-heating just as the 
predominant action on the .sjmipathetico-adrenal system counteracts the 
harmful effects of cold not onl 3 ' b^^ vaso-constriction but also lyy increasing 
heat production. 


SUMM.VRY 

Normal (A), adreno-demedullated (B), vagotomized (C), and adreno- 
demedullated-vagotomized (D) rats were exposed to cold b\" immersion 
in water of 2 to 4°C. for 10 minutes or to heat b}'- keeping them at an en- 
vironmental temperature of 31 to 32°C. for 6 hours. On exposure to cold 
group A reacts with a hypergh’cemia, B with hypogl 3 Temia and D shows 
no significant change in blood sugar. The experiments show that cold acts 
on both vago-insulin and s 3 "mpathetico-adrenal s 3 ’’stems, the effect pre- 
dominating on the latter. On exposure to heat group A reacts with a 
delayed hypoglycemia, B with h 3 *pogl 3 '^cemia persisting during the whole 
period, C with a h 3 '^pergl 3 'cemia and D with no significant change in blood 
sugar. Heat also acts on both vago-insulin and sympathetico-adrenal 
s 3 'stems but the predominant effect is on the former. The significance of 
these reactions for homeostasis is discussed. 
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The compound 1 1-desoxycorticosterone and its acetate are veiy weak 
in their effects on the work performance of adrenalectomized rats (3) as 
compared to corticosterone, 11-dehydrocorticosterone, 17-h3'^dro\y corti- 
costerone and 17-hydrox3'--ll-dehydrocorticosterone. The compound 
1 1-desoxycorticosterone and its acetate are not soluble in water in thera- 
peutically effective concentrations, whereas corticosterone and similar 
compounds having a favorable effect on work are more soluble in water. 
It was considered possible that the effect of these compounds on work 
might be determined by rate of absorption rather than bj'’ the chemical 
differences in structure. Reichstein and Euw (5) have prepared the 
sodium salt of ll-desoxj'^corticosterone phosphate which is soluble in 
water. In the present study it was found that this water soluble form of 
the hormone is also very weak in its effect on work. 

A second question concerns the relative importance of carbon 11 and 
carbon 17 as a site for location of an o.xj’-gen atom with respect to the 
effect on work. Reichstein and Schindler (6) have prepared ll-desoxj'- 
17-h3'droxy corticosterone by partial synthesis. An examination of the 
acetate of this compound has shown that the presence of the lydimyl at 
carbon 17 has no more effect on work than the veiy wcakh' active 11- 
dasoxycorticosterone acetate. 

^Methods. Male rats of the Spraguo-Dawley strain whicii weighed 
appro.ximately 180 grams were used in these e.xperiments. The diet was 
Purina Dog Chow. Bilateral adrenalectomies were performed in one 

' I wish to express my appreciation to Dr. J. .1. Pl’iffner, Parke, Davis and Co., 
Detroit, Michigan, who supplied the 17-hyiiroxy-ll-deIiydro-t'orticosterone; Dr. D. 
Opperdieimer of the Ciha Pharmaceutical Products Co., Summit, Xew .Jersey, who 
supplied the ll-desoxy-corticosterone acetate and the ll-desoxy-c(;rticosterone 
sodium phosphate; and to Prof. T. Keichstein, Basle, Switzerland, who supplied the 
n-dc.soxy-17-hydro.\y corticosterone acetate. 
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stage under ether anesthesia. Immediately following operation the 
animals were anesthetized with phenobarbital sodium. The gastrocnemius 
muscle was weighted wth 100 grams and stimulated to contract three times 
per second until muscular responsiveness was lost or until the animal 

TABLE 1 

Work* ■performance of adrenaleclomized rats treaiedj with adrenal steroids 


Corticosterone derivatives 


dose! 

17-hydhoxy- 

11-DEHYDRO 

(in on,) 

IT-hydroxy'- 

11-DESOXY- 

(.YCETATE) 

(in oil) 

ll-DESOXy- 

(acetate) 

(in oil) I 

ll-DESOXY-SODinil PHOSPHATE 

(In oil) 

(In water) 

mgm . 

i 





0.25 

9286 1 


3897 

2503 

2719 


10894 


3994 

6494 

3410 


13629 


4039 

3295 

2087 


12369 


4210 i 

3786 





4123 

2512 


0.50 

16467 

4737 

3923 

3560 

4174 


17816 

2722 

3009 

4433 

4641 


19320 

4791 

3710 

4612 

2350 


12235 

3292 

5187 

5399 





2527 

2420 


1.00 

! 

3560 

6623 

7789 

3999 



1946 

7233 

7138 

3032 



6132 

5246 

j 3437 

3698 



5664 

6889 

4789 

3051 


1 


5737 



2.00 


9049 

3027 

4324 

3663 



6022 

5027 

4663 

3587 



4642 

6444 

1987 

6435 



4406 

2220 

3625 

j 3393 




8233 




* Work is expressed as total number of recorder revolutions. Each recorder revo- 
lution represents approximately 400 gram centimeters of work. 

t The range in performance of 10 untreated animals was 2452-6995 recorder revolu- 
tions. 

J The dose expressed above was administered at the.beginning of stimulation and 
again six hours later in the animals which continued to work for this period of time. 


had worked for 24 hours. Each animal received 5 cc. of water by sub- 
cutaneous injection at the beginning of stimulation and again six hours 
later in those animals which continued to work for this period of time. 
The test substances were also administered bj’- subcutaneous injection 
at the beginning of stimulation and again six hours later in those animals 
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which had not already show collapse. The details of the method have 
been described (1, 2). 

Experiments and results. The work performance of adrenalec- 
tomized rats treated Avith 11-desoxj^corticosterone sodium phosphate 
(in water and. in sesame oil media) and with 17-h3!-droxy-H-desoxy corti- 
costerone acetate Avas compared to that of untreated adrenalectomized 
rats and adrenalectomized rats treated Avuth 17-hydrox}'-ll-deh3'dro- 
corticosterone and Avith 1 1-desoxycorticosterone acetate. The data on 
dosage and the values for Avork are given in table 1. 

The Avork performance of the rats treated AA’ith 0.25 mgm. and 0.5 mgm. 
of 17-hydrox3'-ll-deh3'drocorticosterone per dose Avas clearlj’’ enhanced 
above the AVork performance of untreated rats in eveiy instance. Seven 
of the eight animals treated Avith this substance were still Avorking at the 
end of the 24-hour test period whereas all of the remaining animals Avere 
“fatigued” before this time and shoAved Amlues for AAmrk characteristic of 
untreated animals. 

The relative acthdties of the adrenal steroids in respect to AA’ork and 
diabetogenic or anti-insulin activity are parallel. Ingle and Lukens (4) 
haA^e found that the ability of the adrenalectomized rat to continue Avork 
is dependent in part upon the aAmilability of glucose. The administra- 
tion of 2 mgm. daily of 17-h3'drox3^-ll-deso.\y corticosterone to a partially 
depancreatized rat failed to induce a glj’^cosuria but the administration 
of 1 mgm. daily of 17-hydrox3'^-ll-delydrocorticosterone caused the e.x- 
cretion of up to 2.0 grams dailj'' of glucose. It is probable that the com- 
pound ll-hj^droxy-ll-deso.xj'^corticosterone does not haAm a significant 
effect on carbohydrate metabolism. 

CONCLUSIONS 

The Avater soluble ll-deso-xj-^corticosterone sodium phosphate is approxi- 
matcb' as AA'eak in its effect on the AA'ork performance of adrenalectomized 
rats as is the AA’ater insoluble ll-desox^morticosterone acetate, thus demon- 
strating that the inactiAuty of ll-desox^'corticostei’one in the Avork test is 
not due to failure of absorption. 

The presence of o.x^'gen at carbon 17 docs not enhance the effect on AA'ork 
as does the presence of oxj’gen at carbon 11; for ll-lydro.xy-ll-dehj’dro- 
corticosterone is A'eiy actiA'e in this re-spect AA'hereas 17-liydrox3'-ll-desox3'- 
corticosterone has little if anj' effect. 
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Our present conceptions regarding the excretion of creatinine and crea- 
tine arise primarily from the observations of Folin (1905). His subjects 
were patients and workers living on a meat-free diet in a mental hospital. 
He found that the creatinine elimination from day to day was practicall}'^ 
constant for the same individual, but varied for different individuals, and 
was entirely independent of the protein intake. The absence of creatine 
in the urine of adult males, its presence in the urine of children in the pre- 
pubertal period and of normal adult women has been generally accepted 
following further observations made by Folin and others. 

However, it should be noted that Folin and Denis (1912) found some 
creatine in the urine of a 17-year-old boy. Later Light and Warren (1934) 
reported 19 years as the Umiting age at which creatine fails to be normally 
excreted in the urine of males. In this connection the reports of Taylor 
and Chew (1936), Hobson (1939) and Dill and Horvath (1941) on the oc- 
currence of creatine in the urine of adult males are particularly interesting. 
Of these workers only Taylor and Chew had their subjects on a meat-free 
diet. Dill and Horvath also noted, as had other observei’s, that creatinine 
elimination was not as constant as was previously assumed (Best and 
Taylor, 1937). 

It seemed worth Avhile to repeat these early observations on the same 
general type of patient as had been used by Folin, keeping in mind the 
sexual variations. The creatinine and creatine were the same substances 
as measured by Folin using identical methods, except that a photo-electric 
colorimeter was used instead of a visual colorimeter. Sixteen schizo- 
phrenics, eight males and eight females, were used as subjects. They are 
patients at the Metropolitan State Hospital, Waltham, Massachusetts. 
They had no disturbances, such as progressive muscular dystrophy and 
Graves’ disease, in which creatine is frequently found. A brief protocol 
of the subjects is appended. 

These patients were isolated and kept under constant supervision to in- 
sure the complete collection of urine. Twenty-four-hour collections of 
urine were obtained on two consecutive daj'-s during one or two successive 
weeks while the patients were on the regular hospital diet. They were 
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then placed on a meat-free diet consisting essentially of milk, bread, vege- 
tables and fruit. Two twenty-four-hour collections of urine were made 
after the second day of the diet and again after twelve days. The subjects 
were then retoned to their usual diets and uriues were obtained after a 
period of at least one week had elapsed. 

The freshly voided urine was preserved with thymol and kept in a re- 
frigerator at about 4°C. Determinations of preformed creatmuie and total 
creatinine by Folin’s method, using the Evel3ai photo-colorimeter, were 
made immediately on the completion of a collection. Preformed creati- 
nine was determined colorimetrically after the addition of freshly made 



DiAaNOBia 

AQB 

HEIGHT 

■WEIGHT 

Males 





pounds 

E. A. 

D.P. Hebephrenic 

52 

5' 6" 

148 

F. A. 

D.P. Hebephrenic 

42 

5' 6" 

120 

E. C. 

D.P. Hebephrenic 

37 

o' 2" 

140 

G. C. 

D.P. Hebephrenic 

41 

5' 6" 

137 

J. C. 

D.P. Hebephrenic 

31 

5'10" 

163 

D. D. 

D.P. Hebephrenic 

37 

o'lO" 

183 

H. D. 

D.P. Hebephrenic 

37 

5' 0" 

130 

J. P. 

D.P. Hebephrenic 

34 

5' Ci" 

144 


Females 


A. A. 

D.P. Type undetermined 

38 

5'4" 


D. A. 

D.P. Paranoid 

29 

5' i" 


A. B. 

D.P. Hebephrenic 

29 

4'U" 


H. B. 

D.P. Catatonic 

38 

o'GV' 


C. C. 

D.P. Hebephrenic 

33 

oTi" 


A. C. 

D.P. Catatonic 

37 

57^" 


E. L. 

D.P. Catatonic 

32 

5'5r 

114 

E. C. 

D.P. Catatonic 

29 

5'4" 

119 


alkaline picrate to the fresh urine. For total creatinine a sample was auto- 
claved with one normal HCl at a temperature of 120° for 30 minutes and 
to an aliquot alkaline picrate was also added, as for creatinine. Creatine, 
expressed in terms of creatinine, was obtained by difference. Total nitro- 
gen determinations were made by the Kjeldahl method. 

Resclt-s. The data are presented separately for male and female sub- 
jects. The average nitrogen excretioms, which are shown graphically in 
figure 1, require no comment. On the meat-free diet the nitrogen decreased 
and on resumption of the hospital diet tended to return to previous levels. 
A.S noted by others, there Is a smaller excretion of creatinine in the female. 
On the usual diet, the average creatinine values of 0.92 and 0.93 gram 
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agree closely to the 0.90 gram average found by Tracy and Clark (1914) 
in their study of 26 normal and well-developed females. There was a fall 
to 0.74 gram while on the meat-free diet. The excretion of creatinine in 
the males did not change markedly as a result of diet but did increase in 
the period follo'wing the diet. 

There is considerable variation in the amount of creatinine excreted on 
different days for both sexes (tables 1 and 2). For example, a male, J. P., 


V///A malc 



Fig. 1. Averages of twenty-four-hour excretions of creatinine and of creatine 
(as creatinine) and nitrogen in eight male and eight female schizophrenics before, 
during and after a meat-free diet. 

on one day previous to the dietary period excreted 0.76 gram while after 
the diet 1.52 grams were excreted, the urinary volume being identical. 
Another male, E. A., excreted 1.56 grams before and 1.07 grams after the 
diet, again with almost identical urinary volumes. Similar examples of 
variability in creatinine excretion were observed among the females. As 
McLaughlin and Blunt (1923-1924) have stated, “The constancj'' of creati- 
nine output, daily or hourly, is a relative term.” The dailj^ excretion for 



TABLE 1 


Twenty-four hour excretions of urinary nitrogen, creatinine and creatine in female 
schizophrenics before, during and after a meat-free diet 


SUBJECT 

PEHIOO 

VOLUME 

TOTAL 14 

TOTAL 

CHEATININE 

CREATININE 

CREATINE 

I 

n 

I 

n 

I 

n 

I 

n 

I 

II 



i. 

B 

grams 

gratns 

grams 

grams 

grams 

grams 

grams 

grams 

A. C. 

Before 

1.67 

By 

7.02 

9.62 

1.11 

By 

1.07 

1.02 

0.04 

■SE 


Before 

0.52 


8.92 


0.72 

By 

0.66 

1.21 

0.06 

0.21 


Diet 

1.49 

0.95 

4.52 

6.39 

0.66 


0.63 

1.10 

0.03 



Diet 

1.51 

1.14 

5.31 

3.74 

0.90 

0.75 

0.84 

0.68 

0.06 



After 

2.55 

1.14 

10.85 

13.01 

1.68. 

0.88 

1.66 

0.87 

0.02 

m 

D. A. 

Before 

1.25 

1.16 

4.73 

9.62 

0.60 

m 

m 

1.26 

0.05 

0.17 


Before 


0.89 

5.06 

7.32 

0.44 


ESI 

0.84 

0.03 

0.05 


Diet 

1.00 

0.84 

3.14 

3.92 

By 

0.74 

0.41 

0.69 

0.07 

0.05 


Diet 

1.40 

1.06 

3.72 

3.21 


0.60 

0.55 

0.56 

0.07 

0.04 


After 

1.60 

1.02 

4.66 

5.32 

0.59 

1.09 

0.56 

0.98 

0.03 

0.09 

E. L. 

Before 


1.38 

7.75 

6.78 

1.09 


m 

m 

0.08 

0.15 


Before 

1.38 


6.68 

4.33 

1.12 

Rn 

IQ 


0.03 

0.09 


Diet 

1.70 

1.44 

5.42 

5.04 

0.83 

0.70 


fm 

0.10 



Diet 

1.09 

0.65 

2.99 

3.20 

0.41 

0.61 

IB 

0.57 

0.04 

lifm 


After 

1.24 

0.76 

5.18 

5.02 

0.87 

1.04 

m 

0.97 

0.00 

m 

E. C. 

Before 

1.55 

1.54 

6.03 

6.84 

1.10 


1.02 

0.97 

liWI 1 

0.11 


Before 


Bml 

4.98 

7.54 

0.90 


0.79 

0.88 

loi I 

0.33 


Diet 

1.45 


4.60 

3.52 

0.75 


0.70 

0.65 

0.05 

0.08 


Diet 

1.52 

■ml 

3.10 

3.80 

1.18 

0.45 

1.11 

0.42 

0.07 

0.04 


After 

1.72 

IQ 

4.38 

5.72 

0.83 

1.03 

0.77 

0.91 

0.06 

0.12 

H. B. 

Before 

0.91 

0.74 

9.06 

6.43 

1.11 

1.09 

1.07 

1.02 




Before 

1.60 

1.51 

4.35 

4.37 

1.09 

0.88 

1.02 

0.84 


0.04 


Diet 

O.SO 

0.84 

2.97 

3.40 

0.50 

0.82 

0.43 

0.78 




Diet 


0.31 

2.69 

2.45 

0.55 

0.81 

0.51 

0.70 


0.11 


After 

0.97 

0.84 

5.46 

4.33 

0.60 

1.46 

0.56 

1.29 


0.17 

C. C. 

Before 

0.42 

0.72 

3.05 

4.71 

0.79 

1.18 

0.73 

1.15 




Before 

0.86 

0.60 

5.07 

3.61 

0.69 

0.53 

0.65 

0.48 


0.05 


Diet 

0.79 

0.53 

3.25 

2.88 

0.55 

0.76 

0.47 

0.71 

.0.08 

0.05 


Diet 

1.58 

0.45 

6.16 

3.20 

1.17 

0.64 

1.03 

0.62 

0.14 

0.02 


After 

0.74 

1.32 

3.14 


0.61 

0.67 

0.59 

0.65 


0.02 

A. B. 

Before 

1.51 

0.70 

8.91 

5.57 

QB 

RM 

1.15 

0.89 


0.04 


Before 

0.72 

0.69 

5.60 

5.73 



0.06 

0.78 


0.00 


Diet 

1.84 

0.70 

5.91 

4.10 



0.85 

O.SO 

0.07 

0.07 


Diet 

l.SG 

1.76 

6.53 

0.12 

raiw 

1.14 

1.03 

1.00 

0.0^ 

0.08 


After 

1 .22 

1.39 

4.57 

9.11 

QB 

l.Gl 

0.84 

1.54 

0.05 

0.07 

A. A. 

Before 

1.62 

1.02 

S.CO 

10.20 

! 

1.44 

1.56 

1.38 

1.4S 

0.06 

0.08 


Before 

0.63 

1.44 


9.03 

0.91 

1.59 

0.79 j 

1.59 

0.12 

0.00 


Diet 

1.83 

0.65 

7. 88 i 

4.2:1 

1.03 


0.92 i 

0.72 

0.11 

0.08 


Diet 

1.05 

0.91 

3.43 i 

4.50 

0.60 

0.94 i 

0.51 

0.86 

0.06 1 

0,08 


After 

1.71 

1.27 

9.96 ) 

12.;H 

0.86 

1.03 1 

O.SI ; 

0.95 1 

0.00 1 

0.08 


GS2 



















































































TABLE 2 


Twenty-four hour excretions of urinary nitrogen, creatinine and creatine in male 
schizoykrenics before, during and after a meat-free diet 


SUBJECT 

PERIOD 

VOLUME 

TOTAL N 

TOTAL 

creatinine 

creatinine 

CREATINE 

I 

II 

I 

II 

I 

II 

I 

U 

I 

n 



i. 

1. 

grams 

grams 

grams 

grams 

grams 

grams 

grams 

grams 

J. P. 

Before 

0.48 

0.74 

5.79 

9.48 

0.78 

1.39 

0.76 

1.36 

0.02 

0.03 


Diet 

1.10 

1.38 

7.84 

7.81 

1.31 

1.23 

1.25 

1.16 

0.06 

0.07 


Diet 

0.44 

1.47 

5.00 

5.27 

0.61 

2.32 

0.59 

2.25 

0.02 

0.07 


After 

0.48 

0.74 

6.82 

11.87 

1.58 

1.57 

1.52 

1.54 

0.06 

0.03 

J. C. 

Before 

1.18 

0.73 

9.80 

7.65 

1.91 

1.34 

1.88 

1.28 

0.03 

0.06 


Diet 

1.24 

0.92 

6.78 

6.64 

1.98 

1.21 

1.98 

1.18 

0.00 

0.03 


Diet 

1.02 

1.06 

5.72 

8.71 

1.13 

1.55 

1.12 

1.54 

0.01 

0.01 


After 

1.70 

0.90 

5.98 

7.86 

1.53 

1.67 

1.53 

1.65 

0.00 

0.02 

D. D. 

Before 

1.07 

0.98 

8.29 

6.74 

1.24 

1.02 

1.18 

0.99 

0.06 

0.03 


Diet 

0.78 

0.55 

7.26 

5.03 

0.88 

0.91 

0.88 

0.89 

0.00 

0.02 


Diet 

0.80 

0.86 

9.67 

6.66 

1.54 

1.34 

1.50 

1.32 

0.04 

0.02 


After 

1.36 

0.98 

6.62 

7.37 

1.42 

1.57 

1.39 

1.52 

0.03 

0.05 

E. C. 

Before 

1.64 


14.50 


1.20 


1.13 


0.07 



Before 

0.84 

1.06 

11.38 

10.11 

1.34 

1.46 

1.19 

1.37 

0.15 

0.09 


Diet 

1.67 

1.40 

7.71 

9.46 

1.27 

1.65 

1.27 

1.51 

0.00 

0.14 


Diet 

1.33 

1.63 

11.72 

10.46 

1.85 

1.68 

1.78 

.1.66 

0.07 

0.02 


After 

1.44 

1.18 

10.78 

10.43 

1.56 

1.77 

1.50 

1.69 

0.06 

0.08 

E. A. 

Before 

1.34 


13.60 


1.65 


1.56 


0.09 



Before 

1.00 

1.30 

10.07 

10.59 

1.61 

1.39 

1.27 

1.26 

0.34 

0.13 


Diet 

l.OS 

1.24 

4.68 

9.30 

0.76 

1.28 

0.75 

1.24 

0.01 

0.04 


Diet 

1.03 

0.93 

7.11 

9.60 

1.13 

1.14 

1.04 

1.14 

0.09 

0.00 


After 

1.35 

1.13 

6.77 

7.77 

1.11 

1.41 

1.07 

1.35 

0.04 

0.06 

P. A. 

Before 

1.21 


14.10 


1.91 


1.32 


0.62 



• Before 

0.64 

0.68 

7.97 

8.50 

1.32 

1.18 

0.86 

0.89 

0.46 

0.29 


Diet 

1.20 

1.22 

7.95 

10.11 

1.15 

1.35 

0.97 

1.16 

0.18 

0.19 


Diet 

0.99 

1.22 

7.12 

9.51 

1.37 

1.57 

1.24 

1.32 

0.13 

0.25 


After 

1.30 

0.89 

7.93 

8.47 

1.39 

1.65 

1.20 

1.34 

0.19 

0.21 

G. C. 

Before 

1.27 


12.03 


1.44 


1.40 


0.04 



Before 

0.96 

1.24 

7.06 

9.82 

0.99 

1.33 

0.97 

1.29 

0.02 

0.04 


Diet 

1.20 

1.08 

7.03 

6.63 

1.28 

0.89 

1.26 

0.86 

0.02 

0.01 


Diet 

0.90 

1.05 

6.30 

8.00 

1.04 

1.25 

1.03 

1.21 

0.01 

0.04 


After 

0.96 

0.92 

4.76 

7.23 

0.88 

1.20 

0.85 

1.15 

0.03 

0.05 

H. D. 

Before 

0.67 


8.00 


1.36 


1.32 


0.04 



Before 

1.10 

1.26 

9.37 

5.35 

1.55 

0.90 

1.41 

0.82 

0.14 

0.08 


Diet 

1.14 

1.13 

6.84 

8.87 

1.47 

1.50 

1.40 

1.39 

0.07 

0.11 


Diet 

0.60 

0.85 

3.29 

3.78 

0.71 

0.73 

0.67 

0.70 

0.04 

0.03 


After 

0.98 

0.78 

12.53 

8.47 

2.10 

1.52 

2.05 

1.43 

0.05 

0.09 
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a single individual varies within limits, frequentty differing more than 25 
per cent. 

From the data of Folin (1905) on ten series of observations the followmg 
variability was noted: 


! 

1 ' 

2 

3 

4 

5 

6 

7 

s 

9 

10 

Mean 

1.17 

1.49 


1.14 


1^^ 

1.81 

1.13 

1.34 

IQI 

Extremes 

1.28- 

1.66- 


1.22- 

1.48- 

BP8 

1.90- 

1.38- 

1.51- 


Range in per 


1.33 

1.36 


1.28 

1.32 

1.66 




cent of mean.. 

22 

21 

IS 

1 15 

15 

28 

13 

32 

22 

28 


Similar variations were also found in the data of Benedict and Myers 
(1907) in their stud}'" of the creatinine excretion of female patients. Dill 
and Horvath, among others, have also noted a variation in creatinine ex- 
cretion. The use of creatinine excretion for testing the completeness of a 
twenty-four-hour urinary output is a crude procedure but is one in which 
many workers continue to place unwarranted confidence. 

We can verify the statement (Hodgson and Lewis, 1928-1929) that crea- 
tine is excreted by adult females whether on then* usual or on a meat-free 
diet (table 1). ,If for purposes of argument we assume, as had Hodgson 
and Lewis, that any value for creatine less than 0.02 gram be ignored then 
it will be noted that in 80 observations there was an elimination of creatine 
in 77 or 96 per cent. Twenty-niiie of these were found in the 32 observa- 
tions obtained when they were on the meat-free diet and an additional 11 
in the 16 observations during the period following this diet. But the male 
subjects (table 2) also showed a creatinuria. Of a total of 69 observations, 
creatine was found 51 times (86 per cent). Eighteen of these were in the 
32 urines examined during the duration of the meat-free diet. Every one 
of the eight subjects while on the diet had creatine in his urine in at least 
one of his four samples obtained during this time. Following resumption 
of the hospital diet, creatine was found in 14 of the 16 urines e.xamined. 
One of these males, F. A., e.xcreted as much as 0.250 gram per 24 hours 
while on the meat-free diet. Previous to this period of dictarj’’ control he 
had in one instance excreted 0.620 gram, which approaches the values 
(0.80 gram) found by Dill and Horvath in a normal male laboratoiy tech- 
nician. 

The average of all observations on both male and female subjects is 
shown in figure 1. Males and females excreted approximately identical 
amounts of creatine during their dietary regimes. During the period of 
meat-free diet they both excreted approximately 0.06 gram. Even if we 
eliminate from our male averages the values obtained in the case of F. A., 
there is still a definite elimination of creatine (0.034 gram). 
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The data presented in tliis study confirm the belief that it is common 
for adult schizophrenic males to eliminate creatine and that it is not an 
age or sex limited function. The possibilitj’' of creatine efimination cannot 
be dismissed as easily as it has been in the past. Furthermore, the con- 
stancy of the daily excretion of creatinine in a single subject is assumed 
only relatively constant as compared to the inconstancy of the elimination 
of some of the other urinai*}'’ constituents, such as urea. 

SUJIMARY 

Creatine is present in the urine of adult schizophrenic males. When 
they were placed on a meat-free diet, creatine was still observed in 86 per 
cent of the urines examined. In common Avith other investigators we 
found creatine in the urine of female schizophrenics at all times. 

In both sexes creatinme excretion lacks the constancj’’ attributed to it 
b}*" Folin and others. It varies considerably and differs from day to daj’- 
more than 20 per cent. 
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The influence of the process of digestion on the circulatory S 3 ’’stem is well 
recognized. An acceleration of the pulse rate (1, 2, 3), an increase in 
pulse pressure (1, 2, 3) and an augmentation in cardiac output (1, 3, 4) 
occur shortly after eating. The question arises as to whether or not the 
rate of blood flow to the periphery is similarl}’^ affected. Most of the 
evidence in this respect is of an indirect nature, consisting of studies of 
skin temperatui’e (2, 5) and circulation time (6, 7). The onl}" direct deter- 
mination of the effect of digestion on the peripheral circulation is the work 
of Herrick and her associates (8) on dogs. By using a modification of 
the Rein thermostromuhr they found that the blood flow through the 
femoral and carotid arteries increased to approximately double that in 
the fasting animal. 

In view of the paucity of information concerning the postprandial periph- 
eral vascular responses in man, the present study was imdertaken to deter- 
mine the effect of a predominantly carbohj'drate or protein meal upon the 
total blood flow through the extremities, using the venous occlusion ple- 
thysmographic method. 

Method. Seventeen e.xperiments were conducted on eight normal 
subjects (7 males and 1 female) in the postabsorptive state. The technique 
emploj'ed was similar to that previously described (9), the readings being 
e.xpressed in cubic centimeters per minute per 100 cc. limb volume. In all, 
the hand was studied 15 times, the forearm 10, and the leg 6 times. First, 
a control level of blood flo^v was obtained bj' averaging the re.sults of 10 to 
15 determinations taken over a period of one-half hour, and then a weighed 
diet of approximately' 400 calories of mainly protein or carbohydrate was 
fed to the subject over a period of 25 to 30 minutes. The protein meal 
consisted essentially of lean meat, cottage cheese, egg white and gelatine, 
while the carbohydrate meal included vegetables, sweetened stewed and 
raw fruits, and sweetened fruit juice. In oixler to determine whether 'or 

* .Killed by the Samuel aiui Regina Kuhn Fund. 

-Presented before the .Vineriean PJiyaiological .Soeiety, .Vpril 1911. 
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not the fluid content of the diet would affect the results, some of the meals 
were made up predominantly of liquids, while others contained only a 
minimum of water. In a number of experiments, a larger meal containing 
600 to 800 calories was given. Following the ingestion of food, blood 
flow readings were made every few minutes for the subsequent 3 to 4 
hours. In some instances the same individual was utilized to study sepa- 
rately the effect of both carboh 3 '’drate and protein meals. 

Besides blood flow studies, the pulse rate, blood pressure and rate of 
oxygen consumption wez'e also noted anteprandially and at least once 
every half-hour in the period after eating. All experiments were conducted 
under physiological conditions, with the room temperature varying be- 

TABLE 1 


Typical responses to the ingestion of carbohydrate 


TIME 

BLOOD FLOW 

CALO- 

RIES 

BLOOD 

PRES- 

SURE 

PULSE 

RATE 

TIME 

[blood PLOW 

CALO- 

RIES 

BLOOD 

PRES- 

SURE 

PULSE 

RATE 

Hand 

Forearm 

O 

Hand 

Forearm 

u 

o 

Subject 7 

Subject 5b 

hours 




1 

sq.m./ 

hr. 



hours 




sq.m./ 

hr. 



Control 



■ 

36.0 


63 

Control 



1.5 

34.7 

116/84 

72 

1 

2 

9.3 

1.5 

■ 

40.7 

108/66 

66 

1 

2 



1.4 

39.7 

116/84 

78 

1 

11. 

4 

1.6 

■ 

40.7 

104/66 

70 

1 



1.7 

36.9 

116/84 

77 

li 

11. 

2 

1.6 

■ 

40.7 

106/68 

76 

u 



1.7 

38.0 


80 

2 

11.8 

1.8 

■ 

42.1 

104/68 

62 

2 



1.7 

38.5 

122/86 

78 


11. 

2 

1.5 

■ 

40.7 

■un^ 

63 

2i 



1.6 

38.0 

118/84 

78 

3 

11. 

7 

1.5 

■ 

38.1 


60 

3 



1.7 

35.8 

116/86 

72 

3§ 

11. 

4 

1.3 

■ 

39.4 


58 









Blood flow e.xpressed in cubic centimeters per minute per 100 cc. limb volume. 


tween 25° to 27°C. and the temperature of the water in the plethysmograph 
being maintained at 32°C. 

Results. Since the vascular beds in the forearm and leg for the most 
part have similar physiological responses, the data obtained from these 
portions of the extremities will be treated together. The blood vessels 
in the hand, however, react differently from those in the former two (10), 
and hence the findings in this site will be dealt with separately. 

Effect of a carbohydrate meal. The circulation in the forearm and leg 
during the 2h to 3 hour postprandial period was relatively unaffected by 
the ingestion of a carbohydrate meal, regardless of its water content 
(table 1). Generally, the hand flow also remained unchanged (fig. 1), 
although m two cases a definite decrease was noted in the first hour (fig. 2). 
In one instance an increase was present within h hour after eating, but in 
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this case the control blood flow in the hand was below normal levels. The 
same subject, on two other occasions, showed no significant alteration in 
hand circulation. 

Generally the pulse pressure increased an average of 6 mm. Hg almost 
immediately after eating, chiefly as a result of a rise in systolic blood pres- 
sure. It remained increased for two hours and then tended to return 
toward the basal value (figs. 1 and 2). The pulse accelerated an average of 9 
beats per minute in the first 1^ hours and then slowed toward the control 



Fig. 1. EfTect of ingestion of 550 calories of carbohydrate. Subject 2e (not in- 
cluded in table 1). 


rate within 2h hours postprandially. The rate of o.xygen consumption rap- 
idly rose during the first 30 minutes, to reach a peak within l-V hours post- 
praudiall}', and gradually decreased thereafter. The maximal average 
increase elicited by the carbohydrate meal was 6.3 calories per square meter 
[)er hour (an average percentage increase of 20). 

Tims, the pulse pre.ssure, pulse rate, and oxygen consumption were 
increased during the digestion of a carbohydrate meal, without any con- 
comitant significant augmentation in the circulation taking place in the 
forearni, leg, and hand. 
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Effect of a protein meal. After the ingestion of a protein meal, little 
change was observed in peripheral blood flow in the fii’st 1^ hours (table 2). 
During this interval, the pulse accelerated an average of 11 beats per 
minute, and the pulse pressure was widened an average of 11 mm . Hg. An 
increase in the rate of metabolism, averaging 6 calories per square meter 
per hour, occurred in the first 30 minutes after eating, reached a maximum 
of 10 calories in 90 to 150 minutes (an average percentage increase of 30), 



to continue so until the end of the experiment. After the lapse of 1 to 
H hours, an increase in blood flow became manifest in the hand, the 
highest level occurring in 2 to 21 hours. The circulation remained en- 
hanced during the rest of the experiment (fig. 3). The forearm and leg 
did not show any augmentation in arterial inflow until 11 to 21 hours had 
elapsed. At this time an increase was noted, which reached its highest 
level in 21 to 3 hours, to continue so for the remainder of the procedure 
(fig- 3). In one subject the circulation in the hand increased 60 per cent. 
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while the forearm flow did not change, possibly because a postprandial 
period of only 2 hours had elapsed before the experiment was terminated. 
When the experiment was repeated and continued for a longer interval, 
an increase in forearm flow of 50 per cent was noted 3 hours after eating 
(table 2, subject 3b). 

Thus, during the first hour after a protein meal, no alteration was ob- 
served in blood flow, despite significant changes in the other factors studied. 
Only after If to 3 hours did an augmentation in peripheral circulation 
appear, at which time the pulse rate, pulse pressure and rate of o.xygen 
consumption had already reached a plateau or were diminishing. 

Discussion. The changes occurring in the cardiovascular sj^stem after 
eating have been studied by several investigators (1, 2, 3). Grollman 

TABLE 2 


Typical responses to the mgeslion of protein 



BLOOD PLOW 


BLOOD 

PRES- 

SOSE 



blood flow 


BLOOD 

PRES- 

SURE 


TIME 


I 


CALO- 

RICS 

PULSE 

RATE 

TLME 


U 


C.VLO- 

RIES 

PULSE 

RATE 



1 

bfl 

o 






s 

I 




Subject 2a 

Subject 3b 

hours 


1 


sq,m,/ 

hr. 



hours 




Ar. 



Control 

7.7 

■ 

1.3 

31.1 

98/64 

64 

Control 

7.6 

0.8 


32.7 

118/82 

78 

X. 

2 

7.5 

■ 

1.2 

35.6 

100/64 

72 

1 

6.3 

0.8 


42.6 

126/Si 

82 

1 

7.4 

■ 

1.1 

34.7 

96/64 

68 

1 

6.6 

0.8 


40.2 

132/78 

88 ■ 

11 

8.3 

■ 

1.4 

35.7 

94/54 

70 


7.6 

0.9 


44.0 

128/80 

86 

2 

9.9 

■ 

1.5 

36.4 

94/54 

69 

2 

11.2 

0.9 


41.3 


88 

ox 

10.7 

■ 

1.7 

35. S 

94/54 


2h 


0.8 


42.6 


88 

3 

9.6 

■ 

2.0 

38.0 

92/54 

69 

3 


1.2 


44.0 


88 



■ 





31 

9.6 

1.2 


44.0 

124/781 

80 


Blood flow expressed in cubic centimeters per minute per 100 cc. limb volume. 


(3), using a mixed diet, found that the cardiac output rose from a basal 
level of 3.43 liters per minute to 4.72 liters within one quarter-hour after 
ingestion of food, and remained elevated during the follov/ing three hours. 
He indicated that this rather abrupt change might be due to a viscero- 
cardiac reflex initiated from the digestive tract. Ap<?ria and Carlens (4) 
fed carbohydrates and proteins separately and found that different types 
of cardio^'asoular responses were elicited by these substances. The in- 
ingestion of sucrose resulted in a rapid transient rise in metabolism and 
cardiac output, and a gradual decline to basal levels within D? to 2h hour.s 
after eating. With the administration of protein, the cardiac output was 
likewise increased, but* the major response occurred 2} to 5.1 hours i)Ost- 
prandialb', with a return to the control level taking place in hour.s. 
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In view of this alteration in cardiac output, an augmentation in blood 
flow through the sj^stemic chculation would be expected. It is generally 
recognized that such a change does take place in the splanchnic region, but 
the evidence as to the effect of the ingestion of food upon peripheral 
blood flow is scanty. The few reported investigations suggest that the 
postprandial period is associated with an increase in circulation through 
the extremities. McCracken and his associates (6), using the ionization 
method in the dog, found a decrease of from 12.9 to 45.4 per cent in the 



Fig. 3. Effect of ingestion of 600 calories of protein. Subject 2b (not included 
in table 2). 


circulation time from the internal jugular vein to the femoral artery. 
Burton and Murlin (5) reported an increase in skin temperature in man 
which commenced 20 minutes postprandially, reached a maximum in 
the second hour, and then fell in the third. Aside from these indirect 
methods, Herrick and her co-workers (8) used the thermostromuhr and 
determined the rate of blood flow in the femoral and carotid arteries of 
the dog after a protein or carbohydrate diet. They found that the cir- 
culation increased approximatel 3 '‘ 70 per cent above the control level, 
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beginning within 15 minutes after eating and lasting to 2| hours. The 
only difference noted between the effects of protein and carbohydrate 
meals was the rapidity with which the peak of the response to the latter 
foodstuff occurred. 

The data obtained in the present investigation are not entirely in accord 
vuth the findings of the above authors. That digestion of the food had 
taken place in each of our experiments can be inferred from the significant 
alteration observed in oxj’-gen consumption. Further, the finding of an 
increased pulse rate and pulse pressure suggests that an augmented cardiac 
output had probably also occurred. In spite of these changes, as already 
stated, no significant increase in the rate of blood flow to the hand, fore- 
arm and leg was noted following carbohydrate ingestion. It would appear, 
therefore, that under such conditions the increased minute volume output 
of the heart was adequately compensated for by either splanchnic vaso- 
dilatation alone, by peripheral vasoconstriction of a degree sufficient to 
vitiate the effect of the increased cardiac output, or by a combination of 
both factors. In respect to protein ingestion, the increased peripheral 
blood flow was fii’st observed only after the changes in cardiac output 
presiunably had been present for some time. A direct causal relationship 
between these two factors cannot therefore be assumed, unless it is pre- 
mised that either an already existing peripheral vasoconstriction, initiated 
at the onset of digestion, is removed 2 to 3 hours afterwards, or a shunting 
of blood from the splanchnic vessels to the periphery takes place in this 
period. The latter view does not appear reasonable, since digestive and 
absorptive processes are still at a peak at this time. Another factor to 
be considered is the initiation of an active peripheral vasodilatation, pos- 
sibly as a result of some product of protein digestion. 

SUMMARY AND CONCLUSIONS 

1. The peripheral vascular responses to the ingestion of predominantly 
carbohydrate or protein meals were studied in a series of 8 normal subjects 
by means of the venous occlusion plethysmographic method. 

2. A carbohj'drate meal elicited no significant changes in the rate of 
peripheral blood flow in the hand, forearm, and leg. At the same time, 
however, definite increases in the rate of oxj'gen consumption, in pulse 
rate, and in pulse pressure were observed. 

3. With a protein meal, there was no change in peripheral circulation 
for the first 1 to I hour postprandial period, and then generalb' the rate 
of blood flow began to increase, first in the hand and later in the forearm 
and leg, to remain cle\’ated until the end of the experiment. The changes 
in oxygen consumption, pulse rate and pulse pressure, were similar to those 
observed with carboh.ydrate, e.xcept that they were of greater magnitude. 
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Although these experiments deal primarily with the reflexogenic com- 
ponents of breathing it is deshable to keep in mind that two great forces 
drive the resphatory act — the inherent physico-chemical forces arising di- 
rectly in the automatically discharging respiratory neurones, and the 
physico-chemical forces set up in these same cells by the impingement of 
nerve impulses coming from the outlying receptors. These two driving 
forces (direct and indhect) have much in common. Not only will a steady 
central or a steady reflex chemical drive elicit rhythmic respiratory activity, 
but each drive of itseh is capable of creating a similar pattern of discharge 
(Gcsell, Lapides and Levin, 1940; Brown, Atkinson and Gesell, 1939). 
These facts combined with the actual demonstrable addition of centro- 
genic and reflexogenic drives to one another are strong evidence for the 
e.xistence of one common mechanism of nerve cell activation. Such views, 
as we shall try to show, allow an elementary yet broad interpretation of 
the respiratory act. 

Method. The experimental procedures in these studies were extremely 
simple. Anesthetized dogs, coimected with a delicatel}’^ respondmg Hutch- 
inson spirometer, were subjected to varying types and combinations of 
sensory stimulation and the effects of such stimulation were recorded upon 
smoked paper. Unless otherwise specified on the original tracings, up- 
ward movement indicates a filling of the lungs and downward movement 
the reverse. "Chemical refle.xogenic drive”, or more correctlj'' its equiva- 
lent, wjvs experimentall.v provided by faradic stimulation of Hering's nerve, 
usuall}' after double vagal section. Stimulation of cutaneo-sensory nerves, 
important highwaj^s of impulses for the perception of pain, permitted e.x- 
perimental modification of pain drive. Central faradic stimulation of the 
cervical vagus offered a means of experimental modification of the i)eriodic 
proprioceptive drives, such as those arising in the stretch receptors of the 
lungs. The nearly comparable action of central stimulation of the suj)erior 
larvfigeal nerve was also studied in .some detail. Although the nerves 
which we have selected for investigation may be regarded ms serving spec- 

' Po'-iiiniiciry report: This .fuuriial, Proc. 129: i'JlO. 

- 'rht/Ke experinionts were .-iujtporteil by a grant from the Hockofcller Foiiniiaf ion. 
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cialized sensory functions in relation to respiration, the admixture of sev- 
eral types of sensory fibers in each of them must not be overlooked. It is 
with this in mind that we have employed the adequate chemical stimula- 
tion of the chemoceptors bj'- intravenous injection of cyanide for compari- 
son mth the artificial electrical stimulation of Hering’s nerve. For similar 
reasons the effects of stretching of the lungs by inflation were compared 
mth faradic stimulation of the vagus. As we shall see, unselective artificial 
stimulation of mixed nerves, rather than confusmg the issue, has seemed 
to clarify it and establish a unity and simplicity of principles. A distinct 
advantage of artificial electrical stimulation is the opportunity afforded of 
providing afferent signals in either stead}'’ or periodic streams. Thus the 
chemoceptor and nociceptor signals wliich normally impinge upon the cen- 
ter in a steady stream could be provided in periodic groups and conversely 
the periodically impinging proprioceptive signals could be supplied in a 
steady, continuing stream. Such artificial alterations revealed a single- 
ness of action of excitatory signals regardless of their origin. 

Results. Superior laryngeal nerve. The most common result of fa- 
radic stimulation of this nerve is a purely expiratory response (see fig. 1) 
in which the lungs are brought to the e.xpiratory position and rhythmic 
insphations held in check. The degree of expiratory activity varies con- 
siderably with intensity of stimulation and vith the individual. In figure 1 
it is relatively weak yet definitely present, for as stimulation continues the 
lungs constrict below the normal expiratory volume. More strikmg ex- 
amples of active contraction of the exphatory muscles are seen in figures 19 
and 20 where the lung volume is promptly constricted on reflex stimula- 
tion. Results such as these give adequate reason for classifying the supe- 
rior laryngeal nerve, in agreement with earlier workers (see Rosenthal, 
1862), as primarily e.xpiratory in action. Less commonly this predominant 
expiratory action is ushered in by a short inspiratory contraction thus in- 
dicating the e.xistence of an inspiratory action as well Such contractions 
are faintly visible in figure 23 in the first few' stimulations of the superior 
laryngeal nerve; but since they are more readily elicited by vagal stimula- 
tion they will be described in greater detail under the next heading. 

Cervical vagus nerve. The variability of response to faradic stimulation 
of the central end of the vagus nerve has been a perplexing problem of long 
standing. Rosenthal (1862) ascribed the expiratory action reported by 
his contemporaries to the effects of escape current reaching the superior 
laryngeal nerve, for when such possibilities w'ere avoided he found only an 
inspiratory response. Later Hering and Breuer (1868) again insisted on 
an expiratory action of the vagi. Gad (1880) in turn rejected the classical 
mterpretation of Hering and Breuer and postulated a purely inspiratory 
inhibitory action instead. Head (1889), Adrian (1933), Hillenbrand and 
Royd (1936), Boyd and Maaske (1939) and many others described a similar 
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INTERMITTENT FARAOIC STIMULATION OF VAGUS 
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1... ■ I 

10 SECONDS 


I' ig. 1. Respiratory response to faradie stinuilation of the superior laryngeal nerve 
of the dog. Breathing is recorded with a Hutchinson spirometer in circuit with a 
rebreathing tank. Upstroke represents inspiration of air and downstroke expiration. 
Both vagus nerves are cut in thi.s observation and all others with the excejition of 
figures 13 and 15. Xote the increasing expiratory activity in the so-called “expiratory 
pause.” 

Fig. 2. Respiratori' response to faradie stimulation of the cervical vagus nerve 
bijginning during the ox{)iratory filiase of breathing. The results are comparable 
in every respect to those of figure 1. 

Fig. 3. Respiratory response to faradie stimulation of the vagus nerve beginnitig 
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inspiratoiy inhibitor}^ action. More recentlj^ a dual excitatory action has 
been iiroposcd, the evidence for Avhich appears mainly in preliminary com- 
munications (Gesell, 1939a, b, 1940a, b, 1939c, and 1940c; Gesell and 
Moyer, 1941; Worzniak and Gesell, 1939). 

Figure 2 shows the commonly described effects of faradic stimulation of 
the central end of , the cervical vagus nerve. They differ in no important 
respects from those alread}’^ described for the superior laryngeal nei’ve in 
figure 1. Due to the cessation of rlythmic inspiration, the vagus has been 
commonly regarded as an inspiratory inhibitory nerve. But such inter- 
pretation overlooks expiratory activit}'’ and its reciprocal inhibitor^" action 
upon the inspiratory half-center for it will be noted that the expiratory 
volume diminishes as stimulation continues. This increasing expiratory 
activity, like that in figure 1, is no doubt the result of temporal summation 
in the expiratory half center. Stronger expiratoiy action is illustrated in 
figures 21 and 26. But when stimulation begins during the inspiratory 
phase of breathing instead of the e.xpiratory phase (see figs. 3 and 4), the 
results are often importantly modified. In figure 4, where stimulation 
occurs at the beginning of the inspiratoiy act, the depth -of inspiration is 
markedly increased. "Wniere stimulation occurs toward the close of the 
inspiratory phase a second inspiration is superimposed (see fig. 3). The 
shortness of the added inspiratory activity in both instances is of the 
greatest interest for once the extra inspiratory activity has subsided rhyth- 
micity disappears, as in figures 1 and 2, and gives way to a purelj'^ expira- 
tory effect. The fact that expiration continues over a longer period than 
the mtroductory inspiratory actiAuty indicates that the expiratory com- 


in the last stages of the inspiratory phase, showing a powerful additional inspiratory 
contraction. After this added inspiratory response has subsided the results are 
comparable to those in figure 2. 

Fig. 4. A heightened inspiratory response produced by faradic stimulation of the 
A^agus nerve at the beginning of the inspiratory phase of breathing. This augmented 
inspiratory activity promptly gives way to a sustained expiriitory contraction of 
supernormal strength. 

Fig. 5. Variable response to a uniform frequency of interrupted faradic stimula- 
tion of the vagus nerve resulting from a failure of the respiratory rhj'thm to conform 
with the artificial rhythm of stimulation. At the end of the record where adjustment 
finally occurs c.xpiration is uniformly augmented. 

Fig. 6. A predominantly inspiratory response to an intermittently interrupted 
faradic stimulation of the vagus nerve. This type of stimulation is provided by a 
specially devised rotary interrupter constructed to stimulate one or two nerves and 
to control frequency of interruption and duration of the periods of stimulation and 
no stimulation, and the time relation of the stimulation of one nerve to the other. 
The frequency, duration and strength of stimulation remain unaltered in this figure. 
Respiration adjusts itself to respond with inspiration to each stimulation. Due to 
the short duration of stimulation and the long duration of inspiration the stimulation 
can exert no expiratory action. 
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portent of vagal stimulation is more powerful than the insphatory com- 
ponent. 

It is, therefore, most significant that artificial inflation of the lungs 
which presumably provides an adequate and selective stimulation of the 
pulmonary stretch receptors maj'^ also produce a selective reinforcement of 
either the inspiratory or expnatory act (Worzniak and Gesell, 1939; Gesell 
and Moyer, 1941). Dual excitation under such physiological conditions 
warrants the belief that each stretch receptor S3mapses at both the inspira- 
tory and expiratory half-centers and therefore is potentially capable of 
stimulating either half. Since stimuli must be impinging simultaneousl}’’ 
upon both half-centers it becomes imperative that the}’^ discharge onlj'’ one 
half-center at a time — the inspiratorj’^ half-center during the inspiratory 
phase and the expiratory half-center during the e.xpiratory phase. We 
believe this alternate activitj^ depends upon the “principle of the prece- 
dence of stimulation”; that the impulses impinging upon the expiratoiy 
half-center during the inspiratoiy phase of breathing are held in abe3’’ance 
b3’’ the reciprocal hihibition of that center b3’’ the inspirator3’- half-center. 
When the expiratory half-center takes over a reverse reciprocal interaction 
occurs. This agrees with the views of Brown (1911, 1914) and the alter- 
nate activity of half-centers demonstrated by Bronk and Ferguson (1935) 
during cm-ari poisoning. 

Now it is well known that S3maptic action at the neurone membrane 
outlasts in varying degree the impingement of signals. If the impinge- 
ment is intense and prolonged, after-discharge, which is but an indication 
of after S3maptic action, ma3'’ continue a minute or more. Such after- 
discharge is not regarded as abnormal b3’- us but on the contrar3'- as a most 
important phenomenon in the economics of nerve signals. Should, for e.x- 
ample, the effects of impulses impinging at the neuro membrane bo en- 
during, those impulses impinging on the inspiratory half-center durmg the 
expirator3'^ phase would not be wasted for the3’’ would hold the inspiratory 
half-center in readine.ss the moment the respiratoxy shift occurred. In 
other words, the3' would prime the center for instantaneous activit3L The 
same would hold for impulses impinging upon the expiratoxy half-center 
during the inspirator3' phase. Thus if two nerves were simultaneously 
and continuousl3’^ stimulated, one pi'cdominantW inspiratoiy and the other 
px'edominantW expiratoiy, a contuuxous .source of nervous power would be 
available for producing a i’h3’thniic activit3’’ through the intermediation of 
the precedence of stimulation inherent in the interaction of the opposing 
lialf-centei-s. This actualh' occurs when the vagus and the chernoceptoxs 
arc simultaneous^’- excited (Gesell, Steffensen and Brookhart, 1937). 

The modus operandi of the principle of precedence of stimulation is 
more strikingh' demonstrated 1)3* intermittent stimulation of a single nerve 
with dual e.xcitator3' action .such as the cervical vagus. Should the periods 
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of stimulation be short and the intervening recoveries long, synaptic action 
of the rhythmically impinging impulses should subside between each pair 
of stimulations and the tendenc}' toward sustained after-action should be 
largelj’- ehminated. Afferent impulses arriving at the respiratory center 
during the expiratoiy phase should therefore reinforce the expiratory dis- 
charge with little or no effect upon the inspiratory discharge. In figure 5, 
for example, to the right of B there is a series of breaths in which each ex- 
piration is brought into phase with stimulation. Each stimulation will be 
seen to fall at the ^’ei\y beginning of expiration, a particularh^ effective 
moment for reinforcing expiration, because the inspirator}’’ center is tem- 
porarily exhausted and the expiratoiy half-center is full}’’ recovered and 
probably in its most responsive condition Now when the frequency of 
the artificial blocks of stimuli approach the natural rh3’’thni of breathing 
the}’^ are very likel}' to sot up a rhythm of their oum but for reasons not 
yet clearl}’’ understood the capacit}" for establishing a new rhythm varies. 
In figure 5 that capacity was not pronounced for between A and B the 
greatest irregularity of response occurred, due no doubt to the changing 
incidence of stimulation. Note particular!}' the exceedingly intensified 
inspiration at A and B where stimulation falls at a moment favorable for 
such reinforcement. 

In figure 6, on the other hand, where the frequency of breathing is low 
breathing was brought into phase with intermittent stimulation of twice 
the respiratory rhythm. Here inspiration instead of expiration falls into 
phase with stimulation. This more unusual phase relationship may also 
be tied up with the low frequency of breathing for the long e.xpiratory 
pause following each artificial stimulation is conducive to recovery of the 
inspiratory half-center and a high susceptibility of that center to the pe- 
riodically impinging signals. Conditions such as these should be favorable 
for a repeated selective activation of the inspiratory half-center alone. 
Once such a rhythm is established activation of the expiratory half-center 
is excluded by the subsidence of synaptic activation at the expiratory half- 
center during the long period of inspiratory activity remaining at the close 
■of each artificial stimulation. 

Bering's nerve. This nerve is now recognized as playing a most impor- 
tant role in respiration. Though its function differs decidedly from the 
pulmonary vagus we shall see that fundamentally it operates on similarly 
deeply rooted neurophysiological principles. Powerful faradic stimulation, 
ns seen in figure 7, produces a marked increase in pulmonary ventilation, 
no doubt due to the predominance of the chemoceptor afferent signals. 
The deepening of respiration produced by such stimulation is a resultant 
Bf two effects, an increased strength of inspiratory contraction plus an 
increased strength of expiratory contraction. Both inspuation and ex- 
piration increase in depth as stimulation continues, indicating that a sum- 
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Fig. 7. Re.spiratory response during and after faradic stimulation of Hering’s 
nerve sliowing a preciominantly inspiratory action and an after diseliarge in both 
inspiratory and expiratory half-centers. 

Fig. S. Intermittently interrupted faradic stimulation of Hering’s nerve in which 
a slowly changing time relation develops between breathing and stinudation despite 
a uniform fretiuencj' of stimulation. During the first eight groups of stimuli, favor- 
able to reinforcement of expiratory contractions, the expiratory tracings fall to a 
subnormal level. In the later groups, favorable to stimulation of the insjjirntory 
half-center, only the inspiratory conirai-tions arc increased. 

Fig. t). Irregular incidence of stimulation due to lack of conformation of rcspira- 
tory rhythm to :i lowered frecpiency of stimulation. Individual augmentation of 
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mation of stimulation occurs at both the inspiratory and expiratoiy half- 
centers. After faradic stimulation has ended, a long persisting hyperpnea 
of decreasing intensity follows. This indicates that the preceding stimu- 
lation was summated into a long enduring after-discharge. In contrast 
with the predominantly expiratory excitatory effects of vagal stimulation, 
the inspiratory excitatory effects are predominant for Hering’s nerve. 
Since the after-respiratory response is virtuallj'^ the same as that occurring 
during faradic stimulation it is believed that two powerful sustaining 
drives persist and that the reciprocating interaction of centers gives prec- 
edence to only one driA’e at a time with each turning of the respiratory 
phase. Combined with the earlier findings of Gesell and White (1938) of 
selective and adequate stimulation of the inspiratoiy and expiratory half- 
centers by careful timing of intracarotid injections of ej'^anide, these results 
indicate the existence of dual connections of each chemoceptor, one set of 
connections with the inspiratory half-center and the other set with the 
expiratory half-center. 

Granting such dual central connections, comparable to those proposed 
for the vagal stretch receptors, it should be as easy to demonstrate a selec- 
tive hispiratory or expiratory excitation with intermittent stimulation of 
Hering’s nerve as it was for the vagus. As a matter of fact Hering’s nerve 
seems to have a greater capacity of establishing new artificial rhythms 
with intermittent stimulation (see figs. 8, 9, 10 and 11). Figm-e 8 is a 
rather luck}'’ record in that the time relation of stimulation to breathing is 
shifting with stimulation drawing nearer and nearer to the inspiratory 
phase. In the first eight breaths where the stimuli fail relatively early in 
the phase of expiration there is a definite expiratory as well as inspiratoiy 
response. In the remaining breaths there is onl}’’ an inspiratory effect 
because the stimuli come too late to strengthen expiration and whatever 
after-action occurs at the expiratory half-center disappears b}’’ the time 
the expiratory phase comes round again. But why should there be a dual 


inspiratory and espiratory contractions will be seen to be related to the variation of 
the timing of stimulation. 

Fig. 10. Intermittent stimulation of Hering’s nerve in which the stimuli of the 
odd numbered alternating group fall into the inspiratory e.xcitatory phase of breath- 
ing and the stimuli of the even numbered alternating group fall into the expiratory 
excitatory phase. The first set of stimuli is seen to reinforce the inspiratory act 
while the second reinforces the e.xpiratory act. Beware of the deceptive effects of 
the marks indicating the beginning of stimulation for they appear to extend therespir- 
atory strokes and thus conceal the alternation of respiration. 

Fig. 11. A slower intermittent stimulation of Hering’s nerve than that of figure 10. 
In the first half of the record each-stimulation hastens the appearance of inspiration 
and intensifies its strength. Note the late appearance and lower amplitude of 
inspiration 6 where artificial stimulation is missing. With the second reduction of 
Ii'equency of stimulation a new paired rhj'thm is established in which every alternate 
inspiration is introduced by an artificial stimulation. 
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excitatory action in the first eight breaths? The answer is found by re- 
feiTuig back to figure 7 and noting the greater intensity and duration of 
the inspiratory after-discharge as compared with that of exphatory half- 
center. It may, therefore, be safely concluded that each of the first eight 
blocks of stimuli, bj’" virtue of this favorable coincidence, stimulates the 
expiratory’' half-center immediately and by’^ virtue of the prolonged after- 
symaptic action of the impulses impinging at the inspiratory half-center 
a later stimulation of the inspiratory’' half-center is produced. But as soon 
as the artificial stimuli have shifted to a more strictly’' insphatory excitatory 
position the expiratory'- action is lost. 

When frequency'- of intermittent stimulation was reduced decidedly below 
the normal respiratory'- rhy’thm, it failed to impress its artificial rhy'thmic 
stimulation (see fig. 9). The result was a changmg coincidence of stimu- 
lation wdth the respiratory act and a changing intensity’’ of respiratory 
contractions comparable to the changing respirations noted for intermit- 
tent vagal stimulation in figure 5. Stimulations, occurring early’’ in the 
phase of inspiration or late enough in e.xpiration for their effects to carry 
over into the mspiratoiy phase, produced excessively deep insphations;. 
whereas stimulations occurring early’’ enough in the expiratoiy phase to 
exert an expiratory action, intensified the e.xpiratory contractions. 

Thus it is necessaiy to conclude that a normally^ continuous stream of 
impulses flowing from the chemoceptors could, if broken into periodic 
blocks, act like normally recurrmg periodic proprioceptive impulses to pro- 
duce a selective strengthenmg of either act of breathing. This is more 
strikmgly illustrated in figure 10 where breathing fell into perfect rhythm 
with stimulation of Hering’s nerve. One set of stimuli coinciding with 
the end of expiration or beginning of inspiration reinforced the inspiratory 
act, Avhereas the alternating sets coincidmg with the beginning of expira- 
tion reinforced the expiratoiy act. 

In figure 11 the frequency of stimulation was markedly reduced. Only 
inspirations Avere now boosted, for conditions were such that each stimula- 
tion fell late in the expiratoiy phase or inspiratoiy excitatory’ period. The 
stimuli falling in the e.xpiratoiy e.xcitatoiy period were missing. Each in- 
spiration was undoubtedly’ strengthened by' the rhythmic stimulation for 
when the artificial stimulus momentarily’- failed, as it did at inspiration G, 
that inspiration was of weaker intensity’. Since mspiration 6 is delayed 
in onset, as well as dimini.shcd in strength, stimulations 1 to 5 not only’ 
strengthened but initiated their corre.sponding in-spirations as well. A re- 
markable capacity’ of the center to conform to stimulation is illustrated 
in the right half of figure 11. Although stimulation is again approximately’ 
halved, a new related rhy'tlun Ls established. Each stimulus now falls into 
the alternate inspiratory excitatory jihase and, therefore, only every' other 
inspiration is increiLsed in size. An alternating fretiueney’ as well us an 
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alternating amplitude of breathing develops because those inspirations in 
which stimulation is wantmg are regularly delaj^ed. The great height of 
the alternating inspirations, as compared with the preceding series of in- 
spirations in the left half of figure 11 in wliich the same strength of stimu- 
lation was used, is most probablj’- due to the prolongation of each individual 
block of stimuli and the resulting increased temporal summation. This 
seems a pertinent observation not only for continuing drives, which must 
set up a sustained summation, but also for the proprioceptive drives which 
last only for the duration of each phase of respiration. Granting that 
pulmonary inflation and mcreased stretching of the Golgi endings drive 
the inspiratoiy act these drives should, therefore, increase not entirelj^ as 
a result of increasing stretch and increasing activity of the respective end- 
ings but as a result of temporal summation as well. 

Cutaneo-serisory nerves. The eutaneo-sensorj’^ nerves carry afferent im- 
pulses from several types of receptors. Consequently artificial stimula- 
tion with the faradic current must create a heterogeneous stream of afferent 
impulses rather than a functionallj^ arranged group. Sherrington (1906) 
attributes the main effects of such stimulation on spinal reflexes to the 
impulses of pain. The predominance of pain fibers in these nerves de- 
scribed by Ranson (see Fulton, 1938) tallies with this point of view. The 
universal distribution of pain endings throughout the body is well suited 
to provide a respiratory drive under emergencies where pain is likelj’’ to be 
inflicted in any part of the bod 3 ^ Direct experiments show great similarity 
of respiratory response to stimulation of cutaneo-sensory nerves at all 
levels of the body (Gesell and Moyer, 1935) indicating that pain provides 
a general respiratory drive lacldng such local sign commonl 3 '- described for 
spinal reflexes. 

Our present results on cutaneo sensory nerve stimulation were obtained 
mainly on the saphenous nerve. Increased frequenc}'- of breathing is al- 
most universal. Both inspiration and expiration are strengthened, as a 
rule, but in more relativelj'' even proportions than is seen on stimulation of 
either the vagus or Hering’s nerve (see fig. 13, and note also that the re- 
spiratory tracings are inverted in this particular record). If breathing is 
extremely rapid, as in figure 15, (tracings inverted again) it may be more 
shallow than normal. Yet it seems unreasonable to assume, even imder 
these conditions, that the intensity of inspirator}'’ contractions is not in- 
creased. Despite the pronounced expirator}’’ position of the lungs, it is 
difficult to conceive of such intense hyperpnea in the absence of markedl}’’ 
strengthened inspirator}^ contractions. It may however be taken for 
granted that the expuatory component predominates. The other extreme 
of greater strengthening of the inspiratory act was only occasionally wit- 
nessed (see fig. 12). 

Either inspiratory or expiratory effects may reveal themselves at the 




INTERMITTENT FARADIC STIMULATION OF SAPHENOUS 



Fig. 12. Uc.-ipiratory rc-spoiue to weak fanidic .stimulation of the .sai)h(;nou.s nerve. 
The predominantly in.sitiratory action illustrated in this record i.s relatively un- 
common. 

Fig. 1.'5. relatively evenly halaiuxal augmentation of in.spiratory and <!xpiratory 
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very onset of faradic stimulation. In the left hand record of figure 14, 
e.g., where the stimulation begins in the inspiratory excitatory stage of 
breathing, the first effect is an increased deepening of inspiration. Only 
as stimulation continues does the expiratory effect become apparent. In 
the second observation where stimulation begins in the expiratory excita- 
tory stage increased expiratoiy activity is the first effect. 

Figure 16 shows the respiratory response to an intermittently inter- 
rupted stimulation of the saphenous nerve. During the first five breaths 
of the period of stimulation in which the incidence of stimulation is chang- 
ing, most of the stimulations coincide with the inspiratoiy excitatory phase 
and the main effect is a predominant strengthening of the inspiratory act, 
similar to results described above for the vagus and Bering’s nerve. Only 
in respirations 3 and 5 where incidence of stimulation is more favorable to 
the activation of the expiratory half-center does the expiratoiy volume of 
the lungs fall below the general level. After respiration 5, a one to one 
correspondence of breathing to stimulation develops. Each stimulation 
■with but one exception falls at the end of inspiration or the very beginning 
of expiration and expirator}^ activit}'' increases progressively with each 
breath while inspiratory activity diminishes. The decreased breathing 
which ultimately occurs after the cessation of stimulation is attributable to 
the hypocapnic condition of the animal established by the preceding re- 
flexogenic hyperpnea. It is concluded, therefore, that the nociceptors pos- 
sess dual central connection, and that the principle of precedence of stimu- 
lation holds for the respiratory drives e.xerted by the nociceptor signals as 
it does for the chemoceptor and pi’oprioceptor impulses. 

The addition of two expiratory drives arising in diverse types of nerve fibers 
in conformance with the principle of precedence of stiimdation. Though con- 
tinuous faradic stimulation of the saphenous nerve by itself produces an 


contractions produced by faradic stimulation of the saphenous nerve showing the 
phenomena of summation and after-discharge. In contrast to all other records, 
downstroke represents inspiration in this and figure 15. Vagi not cut. 

Fig. 14. Faradic stimulation of the saphenous nerve beginning during the inspira- 
tory excitatory stage in the first observation and in the expiratory excitatory stage 
during the second observation. The initial effects are primarily inspiratory in the 
first stimulation and primarily expiratory in the second. 

Fig. 15. Faradic stimulation of the saphenous nerve showing powerful augmenta- 
tion of respiration in which the expiratory component predominates. Vagi not cut. 
In contrast to all other records, downstroke represents inspiration in this and 
figure 13. 

Fig. 16. Intermittent stimulation of the saphenous nerve in which the changing 
incidence of stimulation shows that stimuli falling in the inspiratory excitatory stage 
exert a relatively strong reinforcement of the inspiratory act whereas those falling 
in the expiratory excitatorj’’ stage e.xert a relatively strong reinforcement of the 
expiratory act. 
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increased frequencj'^ and depth of breathing, such as illustrated in figure 13, 
when added to a purely expiratoiy response of vagal stimulation it elicits 
surprisingly different effects. Instead of superimposing its' usual expected 
acceleration and deepening of breathing it may only strengthen the pre- 
vailing vagal expiratory activity. This was the case in figure 17. Since 
both vagus and saphenous nerves carry inspiratory as well as expiratory 
components it may be concluded that a selective addition of their expiratory 
drives has occurred. This addition is comparable to that described in 
figures 5, 6, 8, 9 and 10 where the effects of short periods of inspiratory and 
expiratorj'' stimulations, are added respectively to the normally recurrmg 
insphatory and expiratory'- activity of the respiratory center. The dis- 


INTERMITTENT FARADtC STIMULATION 
OF VAGUS 



Fig. 17. Intermittent fjiraclic stimulation of the vagus nerve producing a sustained 
expiratory activity and a reciprocally repressed inspiratory activity. .Addition of a 
continuous faradie stimulation of the saphenous nerve produces a selective intensifi- 
cation of the vagal reflexogenic expiratory contraction. 

tinguishing difference lies in the absence of normal rhythmic respiratory 
activity and the highly artificial conditions of the observation. A sus- 
tained rejtexogenic tetanic response to an artificial vagal stiniulation has been 
reinforced by a sustained artificial stimidalion of a second mixed nerve. This 
effectiveness of the precedence of stimulation under such extremely artifi- 
cial conditions in which normal activities are entirely wanting seems a most 
significant phenomenon for it allows a simple interpretation of a coordi- 
nated u.se of a heterogeneous mass of impinging signals during normal 
respiratory activity. 

It Is, therefore, of intere.st to determine wliether similar combinations 
of expiratory components would yield the same results when the superior 
laryngeal nerve is substituted for the vagus. Figure 18 is the answer. 


REFLEXOGENIC COMPONENTS OF BREATHING 


707 


Addition of faradic stimulation of the saphenous nerve during a sustained 
reflexogenic expiratory contraction markedly increases the strength of that 
contraction without any outward signs of inspiratory response. Only as 



Fig. 18. Intensification of reflexogenic expiratory contraction originating in inter- 
mittent stimulation of the superior laryngeal nerve by faradic stimulation of the 
saphenous nerve. Continuance of saphenous stimulation leads to a temporal sum- 
mation of its inspiratory component at the inspiratory half-center as is shown by the 
rrltimate appearance and strengthening of the inspiratory act. Cessation of the 
predominantly expiratory stimulatiorr of the superior laryngeal nerve in turn allows 
the summated action at inspiratory half-center to reveal itself in a pronounced inspir- 
atory shift of the respiratory record. 

Fig. 19. Intensification of reflexogenic expiratory coirtraction originating in 
intermittent stimulation of the superior laryngeal nerve by adequate stimulation of 
the carotid body chemoceptors. 

saphenous stimulation continues does inspiratory action at the insphatory 
half-center reach threshold values. Figure 19 shows the addition of the 
expiratory component of chemoceptor activity to the expiratory action of 
the superior larjmgeal nerve. The addition of the expiratory component 
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of the noci and chemoceptive fibers to the expiratory component of either 
the vagal or superior laryngeal fibers is pertinent because at least four 
different receptor activities are involved. Such universal summation of 
action would seem to establish the principle that expiratorj’’ drives are 
additive regardless of the type of receptor in which they arise. 

The addition of two mspiratory drives arising in diverse types of nerve fibers 
in conformance with the principle of precedence of excitatory stimulation. 
From the preceding results it seems that two inspiratory components of 
diverse sources should be as readily summated as two diverse expiratory 
components. Figure 20 is the answer to this assumption. The preliminary 
intermittent stimulation of the vagus nerve elicits a smooth expiratory 
contraction as in figures 17, 18 and 19. Since each vagal stimulation ma}' 
be assumed to dispatch impulses to both inspirator}’’ and expiratory half- 


^^niiiur!riiiii!immni!wfi!iifnfwnn^SSSIS^S 

IMTERMITTENT PARAOIC STIMULATION OF VAOUS 



Fig. 20. Intermittent faradic stimulation of the vagus nerve and its initial expira- 
tory action changed into a prolonged inspiratory contraction by the intravenous 
injection of cj'anide. Selective addition of inspiratory drives is indicated by the 
periodic boosting of the chemoceptive refle.xogenic inspiratory activity by the in- 
dividual vagal stimulations. 

centers, Ave may look upon the increasing expiratory activity as a selective 
temporal summation of the expiratory component of Amgal stimulation. 
But Avhen this expiratory contraction is changed into a prolonged inspira- 
tory contraction by the intrat’enous injection of sodium cyanide the ex- 
piratory action of the vagi disappears. In its stead the inspiratory excita- 
tion comes to the fore, and Avith each block of intermittent stimulation the 
vagus reinforces the slowly rising inspiratory contraction elicited by the 
chemoceptive stimulation of the cyanide. In other AA’ords, a selective addi- 
tion of tAvo inspiratory effects of tAA'o groups of impulses possessing a poten- 
tial power of dual e.xcitatory stimulation has occurred — one group of im- 
pulses coming from the chemoceptor and the other from the A’agus. 

Apparent exceptions to the principle of precedence of stimulation. ith 
the aid of the principle of precedence of stimulation it is now po.s.sible to 
exerci.se a highly predictable experimental control of the respiratory act 
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and for that reason we are inclined to believe that this principle represents 
a key phenomenon in nervous integration not only for the resphatory act 
but for other motor integrations as well. Wliy then are there deviations 
from the rule such as the checking of the insphatory act by artificial vagal 
stimulation occurring during the inspiratory phase of breathing (see fig. 
17)? This question is analysed with the aid of the simplified schema 
(fig. 21) resolving our working hypothesis to its very simplest terms (for 
a more detailed account, see Gesell, 1940c). The possible roles of the 
internuncial neurones are, therefore, not included. SuSice to say that 
normal nerve cell activity is regarded as a rhythmical phenomenon resulting 
from the action of an electrotonic current emerging at the axon hillock. 
This ciUT-ent, generated bj’^ a metabolic gradient, is graded by the sum 
total of impinging signals. Each receptor, of the types illustrated, is as- 
sumed to impress a double drive, one upon the inspiratory half-center and 
the other upon the expiratory half-center. These centers are figuratively 
represented by single cells. Division of each afferent fiber coming from 
the individual receptors accomplishes the double drive, one branch synaps- 
ing at the inspiratory half-center and the other at the exphatorj’’ half- 
center. The boutons of these two divisions are allotted in round propor- 
tions (not numbers, for hundreds or even thousands may impinge upon a 
single cell) roughly in relation to experimentally observed activity de- 
scribed above. For the predominantly exphatory stretch receptor, four 
exphatory and two inspiratory boutons are allotted; for the predominantly 
inspiratory chemoceptor, four inspiratory and two expiratoiy boutons; and 
for the more evenly balanced pain receptor, four inspiratory and four ex- 
piratory. 

Each- discharging receptor impresses its effects simultaneous!}'' on both 
■the inspiratory and expiratory cells, but thanks to the reciprocating con- 
nections a coordinated alternating activation is attained. Suffice to say 
that the negativities at the reciprocating boutons, strategically and hypo- 
thetically placed to oppose the outflow of the excitatory electrotonic cur- 
rents at the axon hillocks, are pictured as diminishing and therefore grading 
the activity of the opposing half-center (Gesell, 1940c) If it be granted 
that the reciprocal inhibition of the expiratory half-center by the inspira- 
tory half-center during the inspiratory phase of breathing is sufficient to 
keep the electrotonic excitatory currents of the expiratory half-center be- 
low threshold values of the individual axon hillocks, the inspiratory center 

^ Obviously other mech.anisms of inhibition might be proposed such as the deposi- 
tion of oppositely acting chemicals at excitatory and inhibitory synapses. One 
action might be an increased permeability of the underlying membrane increasing 
the local negativity, the other action might be a decreased permeability decreasing 
the local negativity. The view employed in our present paper must be regarded only 
as a working hypothesis. 
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alone becomes open to reflexogenic reinforcement. Under these condi- 
tions theory demands that one inspiratoxy excitatorj' component be added 
to the other. Conversely if the inspiratoxy half-center is adequatelj'- in- 
hibited by the activity of the expiratory half-center expiration onlj’- is 
open to reflexogenic reinforcement. In this situation one expiratory ex- 
citatoiy component is added to the other to the exclusion of inspiratory 
activity. 

How then, specifically, can vagal stimulation during the inspiratory 
phase check the insphatoxy act as it did in figure 17 if reflexogenic inspira- 
tory inhibition (i.e., direct and not reciprocal inhibition) be dismissed? 
Total absence of an inspiratorj’- excitatoiy component would be an ade- 
quate and also the simplest answer, because the onlj’- other conceivable 
effect would then come from an activation of the expiratory half-center. 
If it then be granted that the impulses impinging on the expiratory half- 
center be sufficient to overcome the reciprocal inhibition exerted by the 
normal rhythmic discharge of the inspiratoxy half-center, the expiratory 
half-center would in turn discharge and therebj’- reciprocally inhibit the 
inspirator}’- half-center. Another possible explanation of figure 17 is that 
the normal inspirator}’- discharge was insufficiently established to insure a 
highly yroteclive reciprocal inhibition of the expiratory center. In that 
event the expiratory half-center would be more susceptible than usual to 
excitation, particularly If the expiratory component of the stimulation 
were strongly developed, for it seems fair to assume that an extremely 
powerful exphatory stimulation would be capable of overcoming the re- 
ciprocal inhibition exercised by the normal discharge of the inspiratoxy 
half-center plus a weak inspiratory reflexogenic reinforcement. On this 
basis conditioxxs are conceivable in which artificial stimulation of a mixed 
nerve may either reinforce or suppress the hispiratory act during the in- 
spiratory phase of breathing. 

An interpretation of the combined inspiratory and expiratory drives of nor- 
mal breathing. When expiration is purely passive the respiratory act theo- 
retically becomes a relatively simple nervous integration, for breathing 
then may resolve itself primarily into an inspiratory phenomenon uncom- 
plicated by the interaction between half-centers. Accordingly each in- 
spiratoxy act becomes a purely self limited activity, in which the in.spii‘atoiy 
discharge comes to a xiatui’al end in conseqxxence of xi xiormal exhaustion 
of the inspiratory cells (Gesell, Atkinson and Browxx, 1940). Accoixling 
to this conception the inspii-atory cells discharge at regular intervals with 
a rhythm determined by the I'ate of I'ecoveiy of the threshold excitability 
after each preceding dischai'ge. But when expiratory activity is deliber- 
ately introduced by stimulating the superior laiyngeal or vagus nerve, as 
was done in figure 22, the macliinery of breathing is imixortantly changed, 
Im|HiIses now cro.ss in the diagram from the discharging expiratory cells, 
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via the reciprocating collaterals, to the inspiratory cells and thus reduce the 
electrotonic excitation current of these cells below threshold value. The 
inspiratory cells consequently cannot discharge unless stimulation (i.e., 
the hypothetical electrotonic current) builds to higher values and counter- 
acts the E.M.F. imposed by reciprocal inhibition. Due to the increasing 



Fig. 21. A schema of the electrotonic theory of nervous integration and of the 
principles of reflexogenic drives reduced to simplest conceivable outline. The 
inspiratory and expiratory cells represent their respective centers. These centers 
are pictured as being driven by three representative sets of impulses arising in three 
groups of receptors important to the respiratory act. Each individual receptor 
communicates its effects through the final terminating boutons of the individual 
divisions of the original afferent fiber. The relative strengths of the inspiratory and 
e.xpiratory components of each group of impulses are indicated roughly by the number 
of impinging synapses. Rhythmical alternating activity is attained by the inter- 
action of the reciprocating collaterals. For simplicity internuncial neurones are not 
included in present considerations. 

carbon dioxide and the decreasing oxygen, both centrogenic and reflexo- 
genic drive increase and cancel the deficit of electrotonic current estabhshed 
by reciprocal inhibition. As the intensity of the chemical drive continues 
to increase following the period of almost total apnea the depth of breathing 
grows in corresponding proportions. 
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The inspirations occurring during faradic stimulation of the saphenous 
are markedly increased which suggests that the opposing action of the 
superior lar 3 mgeal nerve is overcome by noci — as well as by chemoceptive 
signals. 

In figure 23 the superior larjmgeal nerve is activated again with an 
intermittenth'’ interrupted faradic stimulation and inspiration is held in 
abejmnce, as it was in figure 22. Cjmnide is now injected during this 
period of inspiratoiy inactivity and rhjdhmical breathing comes on at once. 
Since it is generallj'- agreed that cyanide stimulates breathing in the anes- 
thetized animal mainly through its action at the chemoceptors and since 
inspirations disappear again as the temporarj’^ action of cyanide subsides, 
it may be concluded that the adequate stimulation of the chemoceptors 
builds up the stimulation at the inspiratoiy half-center sufficient^ to over- 



Fig. 22. A predominantly expiratorj’’ activity produced by intermittent stimula- 
tion of the superior laryngeal nerve is converted into a progressively increasing 
pulmonary ventilation superimposed on a newly established e.xpiratoiy level by a 
normally increasing asphyxial chemical drive. The inspiratory and expiratory 
drives of saphenous stimulation add their effects to the newly created conditions 
established b}' stimulation of the superior lar 3 ’ngcal nerve. 

come the augmented reciprocal inhibition coming from the expiratoiy 
half-center. Xow that inspirations are reinstated the rhjdhmic stimula- 
tion of the superior laiyngeal nerve pla\*s a new role. While the eftccts 
of the superior larxmgeal nerve are no longer powerful enough to maintain 
breathing in a sustained expiratoiy contraction, thex'^ are still eftective in 
initiating expiratory activity' at the close of eveiy inspiratoiy act; for if 
the record be examined carefully stimulation will be found to coincide 
with the ends of inspiration. The ratio of breathing Ls exactlv 1 to 4 (in 
one instance 1 to o) stimulations of the superior laiymgeal. Still clo.ser 
inspection of the record shows that the intervening stimuli between the 
long expiratoiy excursions produce step-like augmentation of the main 
ex{)irator\' act. 

In figure 24 stimulation of the saphenous nerve is substituted for cherno- 
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ceptive stimulation during a period of increasing expiratory activity pro- 
duced by intermittent stimulation of the superior laiyngeal nerve. The 
first effect is a slight accentuation of the existing exiiiratory contraction, 
but that effect gives way immediately to a deep inspiratory contraction 
which at its crest is transformed into a sharp expiratory contracdiou by 
the next superior laiyngeal stimulation. One deep inspiration follows an- 
other as a result of nociceptive reflexogenic stimulation of the inspiratory 
half-center and, as the center repeatedly exhausts itself with each inspira- 
tory discharge, it becomes susceptible to the combined intonnipting influ- 
ences of the expiratory components of the saphenous plus the superior 
laryngeal stimulation. Careful inspection will show that expiration occurs 
in each instance immediate!}’- after the incidence of the intermittent stimu- 
lations of the superior laryngeal nerve. The increasing amplitude of in- 
spiration during the period of stimulation of the saphenous nerve indicates 
a temporal summation of the inspiratory drive from the saphenous nerve 
in the inspiratory half-center and the decreasing amplitude after the end 
of stimulation indicates the dwindling of the after inspiratory action. 

The results in figure 25 where a continuous faradic stimulation of the 
saphenous nerve are added to a sustained expii'atory action of vagal reflexo- 
genic origin, are in principle the same as those in figure 24. Both inspira- 
tory and expiratoiy contractions are augmented by stimulation of the 
saphenous neiA-e as they are in figure 13. As summation of the inspiratory 
component of the saphenous stimulation progresses in the inspiratory half- 
center the depth of inspiration increases and each inspiratory act gives 
way to expiratory activity immediately after the beginning of each vagal 
stimulation. Both inspiratory and expiratory after-discharge vanish 
quickly after the end of saphenous stimulation. The expiratory action 
of the vagus gains predominance and only the faintest inspiratory con- 
tractions occur mth each stimulation. These small inspiratory efforts 
represent the respiratory response to the relatively weak inspiratory com- 
ponent impressed along with the predominant expirator}' component. 
This inspiratory effect, however, gains in strength as the inspiratory stimu- 
lation of growing asphyxia increases. Thus one inspiratory drive seems 
to add to a second inspiratory drive in a most effective way. 

In figure 26 continuous faradic stimulation of Hering's nerve is added 
to an intermittently interrupted stimulation of the vagus nerve. The 
stimulation of Hering’s nerve creates a powerful inspiratory drive and 
each inspiration so produced Is followed by an expiration initiated at regu- 
lar intervals by the intermittent stimulation of the \'agus. 

It may, therefore, be concluded (see figs. 22, 23, 24, 25 and 26) that an 
increased activity of the expiratoiy half-center artificially produced by 
faradic stimulation of predominant^ expiratory nerves, such as the vagus 
or superior laryngeal, exerts a suppre.ssing action upon the uispiratory 
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Figs. 23-20 
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‘ half-center. This effect, however, may be overcome by intensified inspira- 
tory drives (centrogenic chemical, reflexogenic chemical and reflexogenic 
pain) which reestablish rhythmic activity in the inspnatory half-center. 
The residual vagal proprioceptive stretch reflex obtaining under physio- 
logical conditions during the expiratory phase of breathing (Adiian, 1933) 
is theoretically capable of initiating expiration at the end of inspiration 
and of restraming inspiration during the expiratory phase in a manner 
comparable to that of artificial rhythmic stimulation seen in figures 22, 
23, 24, 25 and 26. But the simultaneous impingement of vagal impulses 
at the inspnatoi'}'- and exphatorj'' half-centers during normal activity of 
the respnatory center call for a more detailed discussion of the mechanism 
of the normal changing of the inspnatory into the expiratory phase of 
breathing. 

The turning point of inspiration into expiration. Assuming that the dis- 
charge of the inspirator}" half-center is a self limited activity coming to an 
end solely as a result of “functional exhaustion,” intensification of that 
discharge might therefore intensify the functional exhaustion and thereby 
bring the discharge to a premature end. Since evidence is now at hand 
that puhnonar}" inflation actually does intensify and shorten the inspiratory 
discharge as evidenced bj^ action potential studies (Worzniak and Gesell, 
1939) the role of a simultaneous!}’’ intensified exhaustion of the inspiratory 
half-center calls for consideration. The difficulty of a clean cut analysis 
of the factors mvolved comes from the simultaneity of impingement of 
vagal impulses upon the inspiratory and expiratory half-centers and the 
interaction of these half-centers. There is a probability that the inspira- 
tory exhaustion and the reciprocal inhibition may be working in such in- 


Fig. 23. A sustained expiratory contraction produced by intermittent stimula- 
tion of the superior laryngeal nerve is interrupted by intravenous injection 
of cyanide. Breathing conforms with superior laryngeal stimulation in ratios of 1 
to 4 (once in the ratio of 1 to 5) in which each inspiration is interrupted by a superior 
laryngeal stimulation. After the subsidence of the predominantly inspiratory action 
of cyanide, the superior laryngeal stimulation regains complete control of breathing. 

Fig. 24. A predominantly expiratory response produced by intermittent stimula- 
tion of the superior laryngeal nerve is changed into rhythmical breathing by faradic 
stimulation of the saphenous nerve. During this artificial hyperpnea superior laryn- 
geal stimulations occur at the height of inspirations thus preceding the following 
expirations. 

Fig. 25. A predominantly expiratory response produced by intermittent stimula- 
tion of the vagus nerve is converted into a hyperpnea with expiration in phase with 
vagal stimulation by continuous faradic stimulation of the saphenous nerve. Note 
that summation and after-discharge from saphenous stimulation are as marked on a 
background of exaggerated as on normal expiratory activity. 

Fig. 26. A predominantly expiratory activity of reflexogenic vagal origin is con- 
verted into hyperpnea in phase with vagal stimulation by faradic stimulation of 
Hering’s nerve. 
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timate correlation as to defj’' differential evaluation. Sherrington and 
Sovdon (1940), e.g., have shown that a long lasting spinal reflex is more 
readil}’^ inhibited than the same reflex of shorter duration and conclude 
that fatigue favors inhibition. Our figure 27 shows the same phenomenon 
in prolonged inspnatory contractions subjected to a series of combined 
stimulations of the superior laryngeal and saphenous nerves in which the 
expiratoiy component maj^ be regarded as predomuiant. It will be seen 
that the reciprocally inhibitory stimuli become more effective the later 
their occurrence in the inspiratory act. Since an increasing tempo of the 
individual inspirator}'^ activitj^ patterns of the inspiratory half-center favors 
the development of functional fatigue just as does a prolongation of a 
single inspiratory activitj'- the intensification of the insphatory act pro- 
duced by the normal vagal stretch reflex would also increase its suscepti- 
bility to inhibition. This ties the two inspiratorj’^ interrupting forces of 



Fig. 27. The effects of a mi.xed stimulation of the superior laryngeal and saphenous 
nerve upon a slowly developing inspiratory act. The effectiveness of the combined 
expiratorj’ drives of these two nerves in checking inspiration is greater tlic later the 
stimulation falls in tlie inspirator}" act. 

the vagal stretch reflex into a coordinated dovetailed arrangement. Pul- 
monary stretch tends of itself to shorten in.spiration through exhaustion 
but by this veiy exhaustion it also prepares the cells for a premature re- 
ciprocal inhibition produced by the simultaneous reflexogenic excitation of 
the expiratory half-center. 

Paradoxical acceleralion of breathing. Some years ago eftects of com- 
bined stimulation of the vagus nerve and the chemoceptors were described 
by Ge.sell, Steffensen and Brookhart (1937). As is well agreed a strong 
stimulation of the i'agu.s nen'e produces a very slow frequency of breathing 
with long expiratory phases. Similarly a powerful stimulation of the 
clumioceptors with cyanide during double vagal block may produce slow 
breathing with prolongation of the inspiratory contractions. IV hen how- 
ever these two effects are combined there is not a combined slowing of 
respiratory rhythm, but rather an e.xtraordinary acceleration. At the 
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time, these results seemed veiy strange to the authors which led them to 
use the term of “paradoxical acceleration”; but in the light of present find- 
ings, this acceleration seems to have a simple and logical explanation. 
This hinges on the schematic representation of the vagal and the chemo- 
ceptive drives in figure 21. When vagal and chemoceptive stimulations 
are combined, both inspiratory and expirator}'^ drives add up to six (2 -t- 4 
and 4 4-2). This may be interpreted to implj’’, in a rough waj'’ to be sure, 
that the inspirator}’’ and expiratory drives are evenly balanced, that neither 
center is in position to become predominantly active, and that conditions 
are such as to bring about a rapid alternation of activity. That tallies 
wth our evidence for a relatively evenly balanced inspiratory and expira- 
tory drive of the nociceptors and thus becomes a theoretical explanation 
of the well knowm acceleratory effects of stimulation of cutaneo-sensor}’’ 
nerves. 


SUMMARY .\ND CONCLUSIONS 

Experiments were devised to analyze the machinery of the reflexogenic 
chive of the respiratory act. Three types of nerves were stimulated and 
their effects observed upon the frequency and depth of breathing. The 
vagus nerve was chosen for the proprioceptive fibers it contains, Hering’s 
nerve for the high content of chemoceptive fibers and the saphenous for 
the predominance of nociceptive fibers. 

Faradic stimulation of the vagus nerve which began during the expira- 
toiy phase intensified and prolonged the period of e.xpiratoiy activity thus 
preventing the normally recurring insphatory cycles. When stimulation 
began in the inspiratory phase the inspiratory act was frequently mten- 
sified. This inspiratory response gave way immediately to a sustained 
expiratory response similar to that produced when stimulation begins in 
the expiratory phase. Because the expiratory effects are more prolonged 
and seemed to be more powerful the vagus was regarded as impressing a 
predominantly expiratory drive. 

Faradic stimulation of Hering’s nerve was found to produce a rhythmic 
form of breathing, slower or faster than normal, in which the depth of 
inspiration and expiration were both increased. The much greater in- 
spiratory action classifies this nerve as predominantly insphatory. 

Faradic stimulation of the saphenous nerve was found to produce a 
rapid, rhythmic form of breathing m which the intensity of both inspha- 
tion and expiration were often equally increased. The relatively more 
even balance of inspiratory and expiratoiy action places the effects of 
cutaneo-sensoiy nerves approximately midway between the vagus and 
Hering's nerve. 

Intermittently interrupted faradic stimulation of any of these dual ex- 
citatory nerves devised to vary the incidence of stimulation Avith respect 
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to the phase of the resphatory act elicited a selective excitation of either 
the inspirator}'’ or expiratoiy half-center depending upon the phase of ac- 
tivity of the respirator}" center existing at the moment of stimulation. 

Since stimulation of any mixed nerve reinforcing both acts of breathing 
assumably increases the signals impinging on both half-centers, it is con- 
cluded that susceptibility of each half-center to stimulation depends upon 
the phase of activity then prevailing. This tendency of selective activa- 
tion of normally discharging half-centers is designated as the principle of 
precedence of stimulation. 

This principle is demonstrated to hold for more abnormal situations 
as well. If rhythmic respiratory activity is abolished and replaced by a 
prolonged artificial expiratory contraction (by stimulation of either the 
vagus or superior laryngeal nerve) that contraction is intensified without 
inspiratory complications by stimulation of the saphenous or Hering’s 
nerve. This illustrates a selective addition under highly artificial condi- 
tions, of diverse expiratory components out of two highly differing nerves. 

AVhen a sustained expiratory activity produced by intermittently inter- 
rupted faradic stimulation of the vagus nerve was changed into a slowly 
developing inspiration by the intravenous injection of sodium cyanide, 
each vagal stimulation then reinforced the chemoreflexogenic inspiration. 
Thus diverse inspiratory components of decidedly diff’erent afferent nerves 
were selectively added by bringing inspiratory activity to the fore. 

The demonstrable summation of reflexogenic drives arising in diverse 
types of receptors indicates a common action of their impinging signals at 
the receiving neuromembrane and the primary importance of the principle 
of the precedence of stimulation. 

In confirmation of earlier considerations the sum total of impinging signals 
constitutes the power which drives the central nervous system. Just as a sus- 
tained predominantly expiratory drive may hold respiration in the expira- 
tory phase so may a predominantly inspiratory drive tend to hold respira- 
tion in the inspiratory phase. Combine these temporally unrelated mass 
drives and a rapid alternating respiration is the result. 

The relatively even balance of inspiratory and expiratory components 
in cutaneo-sensory nerves is thought to explain their highly acceleratory 
action on the frequency of breathing. 

The principles here summarized were used to present a hypothetical 
jiicture of the neuromachinery of normal breathing. 
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In a series of papers (Morgan and Olmsted, 1939; Olmsted and Morgan, 
1939; Morgan, Olmsted and Watrous, 1940) we have shown that the 
S3’’mpathetic nervous S3^stem may play a definite role in accommodation of 
the mammalian eye for far vision. The method we used for measuring 
changes in the dioptric power of the lens in the cat, dog and rabbit was the 
one conunonly used for the hiunan ejm, skiascopy. Although this is an 
“objective” method of measurement, it was thought advisable to present, 
if possible, photographic evidence of change in the curvature of the lens 
during stimulation of the cervical sympathetic nerve. 

With this end in view we first attempted to photograph the three 
Purkinj e-Sanson images reflected from the ej’^e of the rabbit under light 
ether anesthesia before and during sympathetic nerve stimulation. The 
image reflected from the anterior surface of the lens, however, proved to 
be so diffuse that, although a shift in its position could be readily detected 
in enlarged photographs, as Avell as on direct observation, it Avas not sharp 
enough to permit of reproduction. According!}'’, outhne tracings have 
been made from such photograplis to shoAV diagrammatically the extent of 
moA'ement observed. It Avill be seen from figure 1 that one, and onl}' one, 
of the three images shifts its position upon stimulation of the cervical 
sj^mpathetic. The right hand image approaches the center one. 

The cla.ssic picture of the.three Purkinj e-Sanson images portrays a change 
in position of the center image on accommodation to far A'ision. This is 
because the Helmholtz phacoscope, through AA'hich the images arc ordi- 
narilj^ observed, is so arranged that the image reflected from the anterior 
surface of the lens lies betAA'een the image from the cornea and that from 
the posterior surface of the lens. In our photographic set-up the source of 
light Avas on the left of the subject’s (left) e^'^e as in Helmholtz’ arrange- 
ment, but the camera, instead of occupying the position of the observer’s 
e^'e at a correspondmg angle on the right, Avas for conA’^enienco placed 
directl}- in front of the subject’s eye. A draAA-ing to scale of the ej'C and of 
the incident and reflected raA'S shoAA'cd that Avheu vieAvcd from in front 
the image reflected from the anterior surface of the lens should be to 
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the right of the other two images, and that vdth decreased curvature of 
the anterior face of the lens the image from this reflecting surface should 
move in toward the image from the cornea. The extent of such excursion 
would be slight. Since the photographs show results so completely con- 
sistent with those demanded bj'" theory, we may safely infer that stimulation 
of the cervical sympathetic does cause a decrease in curvature of the 
anterior face of the lens. 

A second method, that of photographing the profile of the lens directly, 
yielded the desired result. We had found by skiascopy that the range of 
accommodation in the cat is greater than in the rabbit, 4-5 diopters as 
compared mth 2-3, the extreme measmnments being taken during stimu- 
lation of the thu’d nerve and during stimulation of the cervical sympathetic. 




Fig. 1. Outline tracings of photographs of the three Purkinje-Sanson images re- 
flected from a rabbit’s eye; before stimulation of the cervical sympathetic nerve; 
B, during stimulation. 

In one exceptional cat the total range was 12 diopters. The decrease in the 
dioptric power of the lens of the cat under light anesthesia upon stimulation 
of the cervical sympathetic was between 1 and 2 diopters. The normal 
cat eye, however, is not practicable for photographing changes in the lens 
because of the narrow slit-like iris in bright fight which leaves so little of 
the lens exposed. Consequently we performed partial iridectomy on three 
cats, removing the outer and lower part of the iris of the left eye. Two 
months were allowed for healing of the slit in the cornea through which 
the iris had been removed, and for resorption of the blood clot. In these 
partially iridectomized cats we have succeeded in photographing the 
anterior surface of the lens by means of a special fighting system modeled 
on the one used by Fincham (1935) for photographing the lens of a human 
patient without iris. Because the upper eyelid interfered somewhat with 
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the view, the camera was not placed strictly vertically over the cat’s head 
but about 15° off the perpendicular. Our photographs, therefore, do not 
show the exact equator of the lens where we should expect evidence of 
greatest change, but a profile slightly above the equator. 

Comparison of the two photographs in figure 2 taken of the same ej^e of 
a lightly anesthetized cat before and during sympathetic stimulation 
shows a distinct flattening of the anterior surface of the lens during sym- 
pathetic stimulation. It will be noted that the eyeball is protruded during 
sympathetic stimulation, but because of the position of the camera and its 
distance from the eye, the two photographs still coincide when superposed 
in spite of this slight forward movement. Had, however, the eyeball been 



Fig. 2. Photographs of the lens profile of a partially iridectomized cat; A, before 
stimulation of the cervical sympathetic nerve; B, during stimulation. 

Fig. 3. Superposed outline tracings of the photographs shown in figure 2. 

rotated during the interval between the taking of these two photographs, 
the interpretation would be in doubt. Because the lens is not a perfect 
sphere, even slight rotation would change the configuration of its profile 
as seen from the camera. It will be noted that the position of the series of 
small reflections from scars and imperfections of this cornea and the drop- 
lets of saline to keep the cornea from drying remains the same in both 
photographs as is shown in figure 3 where outline drawings of the 
two photographs are superposed. 

SUMMARY 

Photographs of the Purkinje-Sanson images reflected from the eye of a 
rabbit show that the image from the anterior face of the lens clianges its 
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position during stimulation of the cervical sympathetic in the direction 
which would be demanded if such nerve action resulted in a decrease in 
curvature of the anterior face of the lens. Photographs of the anterior 
face of the lens in partially iridectomized cats under light ether anesthesia 
show that the anterior face of the lens does actually flatten during stimu- 
lation of the cervical sympathetic nerve. 
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Unlike the spike, the slow components of the electrogram of striated 
muscle have been the object of only few studies. The conducting system 
of striated muscle has been found to differ onl}’- quantitative!}’' from that of 
nerve. The electric phenomena which attend conduction in nerve are the 
spike potential and the negative and positive afterpotentials. A similar 
sequence of electrical changes is to be expected in striated muscle. The 
interpretation of the electromyogram, however, is complicated by the fact 
that muscle is not onl}'' a conducting but also a contracting tissue. Con- 
traction occurs at the time when the afterpotentials of conduction would 
be developing. It is possible that the physicochemical changes under- 
lying contraction have an electric manifestation. In the presence of slow 
potential changes during contraction, therefore, it is difficult to decide 
whether the}'' are associated with one or the other of the two processes, 
conduction or contraction, or whether the electric manifestations of both are 
coincident and interact. 

This study deals with the analysis of the several components of the 
electrogram of striated muscle and of their relations to the functions of the 
tissue. 

AIethod. Cats were used, anesthetized with dial (Ciba, 0.75 cc. per 
kgm., intraperitoneally). The muscle studied was usually the sartorius. 
In some observations it was denervated by previous (7 to 15 days) section 
of the femoral nerve under ether anesthesia and with aseptic precautions. 
The soleus muscle was observed only occasionally for comparison with 
sartorius. The description of the methods used will refer to the latter 
muscle; the obvious slight differences of procedure which took place when 
soleus was employed will not be outlined. 

The leg was fixed by means of drills inserted into the femur. The tibial 
end of sartorius was tied and separated from the bone. It was then 
attached to a torsion spring myograph of the Sherrington type. The con- 
tractions were isometric. They were recorded simultaneously with the 
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electrograms sending the beam of reflected light from the mirror in the 
myograph to the back of the film in the camera. 

The leads for recording the electric responses were large chlorided silver 
needles inserted as follows. The muscle was crushed about 0.5 cm. below 
the tie at the tibial end. One electrode was between the tie and the crush. 
The other one was in normal muscle, about 1 .5 cm. below the crush. After 
the electrodes had been inserted the exposed part of the muscle was cov- 
ered with vaseline in order to prevent chying. 

A 5-stage direct-coupled amplifier was used. A battery in series with 
the muscle and with a high input resistance provided a counter e.m.f. 
which balanced the potential difference between the electrodes. This 
potential difference was due mainlj^ to the demarcation potential of the 
muscle. Only exceptionally was a capacity-coupled amplifier employed 
to observe the spike potentials with little shift of the base line — i.e., with 
filtration of the slow components. The amplified responses were photo- 
graphed from a cathode ray oscillograph. 

The stimulating electrodes were shielded silver wires applied to the 
femoral nerve, crushed or cut centrally. Activity in the quadriceps muscle 
was prevented from interfering with the records by section of either the 
corresponding motor nerve or the patellar tendon. 

The stimuli were condenser discharges through a thyratron. Thej'’ were 
rendered diphasic by means of a transformer. Injections were made into 
the central end of the cannulatcd inferior mesenteric arteiy. 

Results. A. The electrogram of normal muscles. With the method 
used the records were usually monophasic — i.e., there was little or no indi- 
cation of a diphasic artifact at the end of the spike potential. The mono- 
phasicity of the responses ivas maintained for the duration of the experi- 
ments (up to 7 hrs.) without recrushing the muscle. The stability of the 
preparation was further demonstrated by the constancy of the demarcation 
potential. The value of this potential was usually about 15 mv. Unless 
drugs were injected it remained practicallj'^ unchanged throughout the 
observations. 

A typical response of sartorius to a single maximal motor nerve volley is 
illustrated in figure 1. Three slow components may be recognized follow- 
ing the spike: a first negative wave, then a relatively positive excursion, 
and finally a prolonged second negative deflection. Frequently, but not 
invariably, the positive wave was roughly coincident with the development 
of tension in the mechanogram. 

Although this complex sequence of potentials was the rule, occasionally 
quite different electrograms were encountered (see fig. 4A). Any of the 
slow components mentioned could be minimal or absent. The slow poten- 
tials could consist of a single negative or positive wave. Some of the slow 
components, however, were alwaj^s present — ^i.e., there was never any 
record exhibiting exclusively a spike potential. 
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The effects of repetitive stimulation of the motor nerve varied with 
the frequenc}' applied (fig. 2). During the period of stimulation there was 
summation of some of the slow components elicited bj’- a single volley. 
Thus, an increasingly negative background for the successive spikes was 
seen for frequencies of 10 to 30 per sec. Between 30 and 100 per sec. less 
negati\dty Avas usuallj’' developed than with the slower frequencies; indeed, 
occasionally positivity, instead of negativity, summed during the period of 
stimulation at these intermediate frequencies. 



Fig. 1. Electrical (solid line) and mechanical (broken line) responses of sartorius 
to a single ma.ximal nerve volley. Enlarged and superimposed from the original 
film. Time scale (abscissae): KX) msec. Left scale of ordinates, mv. ; and right 
scale, tension in grams. 

The effects of rapid rates of stimulation (100 to 600 per sec.) were typi- 
call\' as follows. The spikes promptly declined to a small fraction of the 
initial amplitude. The background potential was first negative, then 
relatively positive (that is, less negative), then again increasingly negative. 
With the highest frequencies mentioned (500 to 600 per sec.) the mechano- 
gram e.xhibited an initial rise of tension followed by a rapid fall, and later 
b}' a slow second rise. The late slow rise of tension was accompanied by a 
parallel shift of the electrogram in the positive direction in 3 out of 5 ani- 
mals. In the other 2 this shift was toward increased negativitA'. 

The after-effects of a period of repetitiA'e stimulation showed a slow 
(15 to 120 sec.) return toward the resting condition. ith frequencies 
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greater than about 30 per sec. a positive swing occurred shortlj'- after the 
end of stimulation (fig. 2, D and E). This excursion towai’d positivity was 
followed by increased negativity. The time course of this positive swing 
had no relation to the period of relaxation of the muscle; thus it could take 
place either toward the end of relaxation or later. Occasionally two posi- 
tive waves, instead of one, could be seen at the end of a period of 
stimulation. 

B. The effects of veratrine. Injections of this drug resulted in striking 
changes in both the mechanogram and the electrogram of the muscles 
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Fig. 2. Responses of muscle to repetitive indirect stimulation. Frequencies: 
A, 2.5; B, 13; C, 26; D, 52; E, 110; F. 250; and G, 600 per sec. The intervals in record 
G correspond to 2 and 4 sec., respectively; the stimuli were applied continuously. 

In this and the following figures the records are from sartorius unless otherwise 
stated. The lower tracing is the mechanogram and the upper tracing the electro- 
gram. Upward deflections in the electrogram denote negativity of the intact with 
respect to the crushed part of the muscle. The vertical lines at the left calibrate 
the electric responses; those at the right, the mechanical responses. The horizontal 
lines show the speed of the records. For this figure these calibrations are as follows: 
10 mv. ; 1 kgm. ; and 2 sec. 

studied. There was considerable variability from animal to animal in the 
dose of veratrine which produced a given effect. Thus, while 1 mgm. per 
kgm. caused in some cats a marked reduction of the responses, which disap- 
peared only after 1 to 2 hours, in other cats 6 to 8 mgm. per kgm. could be 
injected over a period of 15 to 30 minutes before any significant reduction 
of the responses was seen. Because of this variation of susceptibility the 
expressions “small,” “medium” and “large” doses of veratrine will be used 
with reference to the particular animal under consideration. A “large” 
dose is that -which resulted in prolonged depression; a “small” dose, that 
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whick produced 011I3’' a moderate degree of repetition and a moderate 
increase of the residual negativity; finally, a “medium’’ dose is that which 
elicited marked repetition and great residual negativity. 

The demarcation potential was consistent^ increased b3'’ veratrine. 
The change was usually slo^v — i.e., it took place over a period of minutes 
after the injection. Successive injections caused increasing effects. The 
largest change seen was an increase from 14 to 33 mv. after injection of 
5 mgm. per kgm. of veratrine in successive doses of 1 mgm. over a period 
of 3 hours. 

The residual negativity of the muscle after single maximal stimulation 
of the nerve was greatly increased b3’^ veratrine (fig. 3 ). The peak of this 
negativity Avas frequentl3'' higher than the peak of the initial spike poten- 



Fig. 3. Effects of various doses of veratrine on the muscular responses to indirect 
stimulation by single maximal shocks. 

A to D, sartorius. A: normal response. B to D: 0.5, 8 and 53 min., respectively , 
after veratrine (1 mgm. per kgm.). Calibrations: 5 mv.; 200 grams; and 2 sec. 

E to G, soleus. E: normal response. F and G: after injections of veratrine (1 
and 8 mgm. per kgm., respectively). Calibrations; 10 mv. ; 1 kgm.; and 2 sec. 


tial. The negativity grew for some time after subsidence of the spike, and 
then declined s1oav 13\ The decline was not uniform or smooth. A rela- 
tiveh’’ positive hump was usuall3'^ apparent shortly after the peak of the 
negativity and occasional^ two such positive humps were visible (fig. -1). 

Repetitive stimulation of the nerve at slow frequencies after small doses 
of veratrine resulted in a marked summation of negativity. With fre- 
quencies higher than 20 per sec., however, less negativity was developed 
than normall3’. The positive swing after cessation of the stimuli was 
well-marked in these conditions. With moderate doses of veratrine there 
was more negativity than normal, both during and after the period of 
stimulation, for any frequentw. Both the earh' positive e.xcursion during 
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stimulation and the one following cessation of high frequencies were not 
detectable. 

The spike responses of muscle to single shock stimulation of the nerve 
were repetitive after veratrine (fig. 5). This repetition accounts for the 
large increment in the mechanical response when compared with the normal 
twitch. In some instances the tension record showed two domes, separated 
by a trough — the classical record of veratrinized muscle. In those cases 
the spike potentials, recorded with the capacity-coupled amplifier at high 
gain, appeared as two bursts separated by a period of relative quiescence. 


A B 





Fig. 4. Comple.K responses of muscle to single maximal indirect stimulation after 
veratrine. A, normal. B, after veratrine (2 mgm. per kgm.). Calibrations: 2 
mv.; 200 grams; and 1 sec. 


A B c D 



Fig. 5. Repetitive responses of muscle to single shock stimulation of the motor 
nerve after veratrine (1 mgm. per kgm.). The records show the early part of the 
1st (A), 3rd (B) and Sth (C) responses in a series at 1 per sec. D, 200 cycles. 

Repetitive stimulation at slow rates resulted in a decrease of the amplitude 
and duration of the successive mechanical responses; the bursts of spikes 
showed a parallel decline in frequency, amplitude and duration. Thus, the 
changes of the mechanical responses could be accounted for by corre- 
sponding variations in the spike potential records, and there was never 
any evidence of a contracture. 

The successive spikes in a repetitive burst were at first relativety well 
synchronized, later they became small and irregular, indicating temporal 
dispersion of the discharging elements. The frequency of repetition could 
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be readily measured for the first 3 to 6 spikes in the burst. In a typical 
case (fig. 5) the interval between the successive spikes in the response to a 
single shock were as follows: 1st to 2nd, 4.5 msec.; 2nd to 3rd, 6; 3rd to 4th, 
7; 4th to 5th, 7.5; and 5th to 6th, 7 msec. The corresponding frecpiencies 
dechned, therefore, from 220 to 140 per sec. When the stimuli were 
applied at the rate of 1 per sec. the interval between the 1st and 2nd spikes 
for the successive responses was: 1st response, 4.5 msec.; 2nd, 5.2; 3rd, 
5.3; 8th, 6.5 msec. The frequencies, therefore, showed again a decline. 

The amplitude of the initial spike potential in response to single maximal 
nerve stimulation was increased up to 120 per cent of the normal bj^ small 
and moderate doses of veratrine. Large doses resulted in a prolonged 
decrease, but an increase above normal was seen after recoveiy. The 



Fig. 6. Decrease followed by increase of the spike potential amplitude in response 
to repetitive indirect stimulation of muscle after veratrine (2 mgm. per kgm.). 
Records A and B show the effects of different frequencies. Note the absence of 
parallelism between the electric and the mechanical responses to the successive 
stimuli. Calibrations: 10 mv.; 500 grams; and 2 sec. 

increase in amplitude was not due to a better synchronization of the several 
elements of the muscle, as judged by the duration of the spikes. 

Repetitive stimulation of the nerve after veratrine resulted in charactei- 
istic changes of the amplitude of the initial spikes of the repetitive bursts 
set up bj" the stimuli. There was hrst a decrease and later an increase 
of the amplitude of these spikes. The mechanical effects corresponding 
to each stimulus did not show similar changes (fig. 6). It may be inferred, 
therefore, that the decrease of spike amplitude is not due to a decrease in 
the number of acting elements but indicates a diminution of the spike 
potential in each fiber. 

Large doses of veratrine were by definition those which caused a marked 
decrease of the muscular responses. The effects were invariably reversible, 
although recovery took sometimes over an hour. Two different types of 
depression were observed. In some cases the decline of tension after the 
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injection, and the subsequent recovery, were quite parallel with the decline 
and recovery of the electric responses, and specifically of the initial spike 
potential amplitude. In other instances the decrease of tension was quite 
marked and prolonged, while the electric responses showed only a slight 
and transient reduction, or else after severe depression of both the electric 
and the mechanical phenomena the former recovered more rapidly than 
the latter (fig. 3). It was thus possible to record supernormal electric 
responses with subnormal mechanical effects (fig. 3, D and G) . Such super- 
normal electric records showed not only a large initial spike potential and 
subsequent repetition, but also a large residual negativity. 

An independence between the spike amplitude and the developed 
tension, on the one hand, and between the residual negativity and the 
tension, on the other, is thus revealed bj'’ veratrine. A relative inde- 
pendence between the spike potential and the slow negative waves was 
seen in the quicker recovery of the spike than of the residual negativity 
after a large dose of veratrine. 

C. The effects of yohimbine. This drug augments the positive after- 
potential of nerve (Graham and Gasser, 1934). It was considered of 
interest to see whether it would similarly increase any of the positive com- 
ponents of the electromyogram. The results in 3 cats were inconsistent. 
In 2 cases yohimbine increased the po.sitivc wave in response to single nerve 
volle3's, but in the third this wave was decreased and the negative waves 
became more prominent than normally. Again, in 2 cats negativity 
accumulated more than normallj'^ during tetanic stimulation, but in the 
other cat there was evidence of predominating positivity, rather than 
negativity^ in these circumstances. The mechanical responses were not 
significantty modified b}'’ the drug. 

Because of this inconsistency of effects the stud}'' of yohimbine was not 
pursued further. It is important, however, to emphasize that greatly 
increased residual negativity was seen during tetanic stimulation without 
any increase of the mechanical responses. 

D. The responses of deneruated muscle to acetylcholine. Denervated 
muscles respond to acetylcholine first by a contraction, then by a contrac- 
ture (Brown, 1937; Rosenblueth and Luco, 1937). The period of con- 
traction corresponds to a burst of spike potentials. In addition to these 
electric phenomena Schaffer and Licht (1926) have reported the appear- 
ance of a slow negative potential coincident with the development of 
tension. 

Excluding from the following description the spikes which attend the 
contraction, one or more of the following slow potential changes were 
seen in the electrograms (see fig. 7). An initial positive excursion coin- 
cided with the beginning of contraction. It was promptly followed by a 
change of potential in the opposite direction, so that the muscle became 
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negative. No break in the electrogram corresponded with the transition 
from contraction to contracture. During and after the period of relaxa- 
tion the muscle became increasing^ negative. The peak of negativity, 
therefore, took place when the muscle had partially or totall}^ relaxed. 
This negative potential then slowl}’- subsided. The late negative wave 
was always present in the electrograms, while some of the other changes 
could be absent. 

The initial positivit}'' was less prominent when small (10 to 2 O 7 ) or 
large (100 to I 5 O 7 ) doses of acetylcholine were injected than it was with 
intermediate doses. Successive injections with intervals of 30 to 90 sec. 
caused the appearance of progressively smaller electric responses, while the 





Fig. 7. Responses of denervatecl muscle to intra-arterial injections of acetyl- 
choline. 

A. Femoral nerve cut 13 days previously. Response to acetylcholine (160 7 ). 

B. Femoral nerve cut 12 days previously. Responses to 2 injections of acetyl- 
choline (40 7 ). 

Calibrations: 10 mv. ; 100 and 200 grams for A and B, respectively; 30 sec. 

mechanical effects could either increase or decrease (fig. 7B). T-he posi- 
tive component was sometimes emphasized by the later injections. 

E. The differences between sartorius and- soleus. Only quantitative 
differences were noted between the two muscles. Thus, while the average 
demarcation potential of sartorius was 14.5, that of soleus was 16 mv. 
The average maximal .spike potential of sartorius was 3.4, that of soleus 
7 mv. The slow potentials during and after repetitive stimulation of the 
two muscles varied similarly with changes of frequency, but the late o 
stimulation at which any of the changes described previously took place 
(section A) was lower for soleus than for sartorius. 4 he effects of vcia- 
trine (section B) were similar and equally striking on the two muscles 
(fig- 3). 

It is frequently stated that neither sartorius nor soleus is composeci 
exclusively of fast and slow muscle fibers, respectivebq but that each is 
mi.xed, with the preponderance of one or the other tj'pe of muscular ele- 
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nients. The heteiogeneity of the muscles was veaclily seen in the spike 
potentials, which could show 2 crests, and in the twitches, which could 
also show 2 components separated by a more or less well-defined trough. 
It was found, however, that both the fast and slow elements of sartorius 
are faster than the corresponding fast and slow components of soleus. 
Thus, the times for development of the two crests in the mechanograms of 
these muscles were 34 and 75 msec, for sartorius, and 45 and 105 msec, for 
soleus. 

Discussion. That the spike potential of muscle is followed b}" slower 
electric phenomena was recognized by Bishop and Gilson (1927) and by 
Schaefer (1936). Schaefer referred to these slow components as after- 
potentials, It is desii’able to distinguish, if possible, the slow potentials 
associated with conduction from those associated with contraction. The 
conduction potentials include the spike potential and the afterpotentials; 
the contraction potentials would a priori be expected to include onlj'' rela- 
tively slow components of the electrogram. To complete the systematiza- 
tion of striated muscle potentials a third class of electric phenomena should 
be considered : the excitation potentials. To this class belong the end-plate 
potentials studied by Gopfert and Schaefer (1937), by Eccles and O'Connor 
(1939) and by Feng (1940), since these potentials are not associated with 
either conduction or contraction. 

The similarity between the conducting mechanism in muscle and that 
in nerve is supported by the similar action of veratrine upon the two 
structures. Thus, the responses of nerve to single shock stimulation are 
repetitive after veratrine (Dun and Feng, 1940; Acheson and Rosenblueth, 
1941). The repetitive responses of sartorius in figure 5 could be due to 
repetition of the motor nerve impulses. Bacq and Brown (1937), and 
Feng (1938) have shown, however, that curarized and veratrinized muscles 
also respond repetitively to single-shock direct stimulation. 

The initial spike amplitude in the responses of veratrinized nerve to 
repetitive stimulation decreases typicall}'^ for a brief period of time and 
later increases (Acheson and Rosenblueth, 1941). Similarly the initial 
spike amplitude of veratrinized muscles stimulated repetitively shows an 
early decline and a late rise (fig. 6). 

The negative afterpotential of nerve is augmented by veratrine (Graham, 
1930). The residual negativity of muscle is in turn greatly increased 
after injections of the drug (figs. 3, 4 and 6). It may be inferred that this 
augmented negativity is due to a large negative afterpotential i.e., that 
it represents a conduction, not a contraction potential. This inference is 
supported by the independent variations of the amplitude and the time 
course of the slow negative potentials and of the mechanical responses of 
veratrinized (fig. 3) and yohimbinized (p. 731) muscles. 

Several of the positive potentials recorded did not show an}*" temporal 
correlation with the changes of tension in the muscle during and after 
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contraction (sections A and B). For this reason and in analogy with the 
phenomena in nerve, it is likely that some of these positive changes may 
be muscular conduction afterpotentials. As stated in section C, the test 
of this inference by yohimbine failed to yield a consistent answer. The 
irregular results obtained with this drug ma}’- be accounted for by the 
assumption that yohimbine augments not only the positive, but also the 
negative afterpotential of muscle. 

None of the potential changes described was invariabh" correlated in time 
course with the mechanical response. However, when the development 
of tension coincided with an electric deviation, the potential was relativelj'^ 
positive. Thus, the early positive swing during high frequenc}'' simulation 
of normal muscles (fig. 2G) had a time course approximatelj'' parallel with 
that of the initial rise of tension. It is tentatively inferred, therefore, that 
at least one of the contraction potentials is a positive potential. This 
inference may be surprising, since activit}'’ has been traditionally asso- 
ciated with negativity. However, there is no a priori reason for the asso- 
ciation of any specific electrical sign with the physicochemical changes 
attending contraction. 

The muscular changes associated with contraction are not limited to 
the development of tension but include also recoveiy processes. It is 
likely that such processes include ph 3 'sicochemical changes with electric 
manifestations. It is possible, for instance, that the prolonged delayed 
negative wave elicited bj^ aceUdcholine in denervated muscles maj’- corre- 
spond to such recoveiy. This wave might be due, however, to a prolonged 
depolarization of the muscle. A similar negativity was seen in normal 
muscles after injections of KCl, with little or no preceding contraction. A 
more detailed s 3 'stematization of muscle potentials requires further data. 
With the present evidence it appears that the contraction potentials are 


largeh' masked by the conduction phenomenon. 

The relations existing between the spike potential and the mechanical 
response in striated muscle are still undetermined. While Briicke (1908) 


and Beritoff (1924) strc.sscd the independent variation of the two phenom- 
ena in fatigue, Fulton (1926) and Davis and Davis (1932) suggested that 
the spike potential i.s the agent which directh’’ releases the energy changes 
which attend contraction. The present data indicate that there is a large 
degree of independence between the spike potential and the mechanical 
effects. Thus, the mechanical responses maj' be equal when the spike 
potential amplitude varies considerabh'- upon repetitive stimulation after 
veratrine (fig. 6). Furthermore, during the period of recoveiy alter injec- 
tion of a large do.se of this drug, large spike potentials maj- be followed by 
minimal contractile responses (fig. 3). It is concluded, therefore, that 
although the spike potential may tlireetty or indirectly activate the con- 
tractile .sv.-;tem, the magnitude of the mechanical effect is independent 


of that of the electrical phenomenon. 
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SUMMARY 

The electric responses of circulated cat’s muscles (mainly sartorius) 
were recorded with direct-coupled amplification together with the mechan- 
ical effects of indirect stimulation. 

The electrogram of normal muscles is complex; a spike potential is 
followed by slow potential changes (fig. 1 ). Repetitive stimulation results 
in summation of some of the slow components (fig. 2). Veratrine increases 
the negative slow components of the electrogram (figs. 3 and 4) in addition 
to other striking effects (figs. 5 and 6; section B). Yohimbine may simi- 
larly increase the negative residual potentials without an}^ significant 
change of the mechanical reactions (section C). The electric responses of 
denervated muscles to injections of acetylcholine include several slow 
components (fig. 7). 

The following systematization of muscle potentials is suggested : excita- 
tion potentials, which precede conduction (e.g., the end-plate potential); 
conduction potentials (the spike and the afterpotentials); contraction 
potentials (those associated with the development of tension and with the 
corresponding recovery processes). 

None of the potentials recorded was invariably correlated in time with 
contraction. ^\''hen such a correlation appeared the potential was rela- 
tively positive. It is inferred that one of the contraction potentials may be 
positive. An independent variation of the residual negativity and of 
contraction is produced by veratrine (fig. 3). It is inferred that this 
negativity denotes an afterpotential. The spike potential amplitude and 
tension ma}^ also vary independently (figs. 3 and 6). 
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The original purpose of this study was to compare the properties of 
nerves, muscles and neuromuscular junctions as revealed the effects of 
certain drugs, among which was veratrine. It soon became apparent, 
however, that the information available on the action of veratrine upon 
mammalian nerves was not sufficient for that comparison. The present 
paper deals with some of the effects of veratrine on the A fibers of circu- 
lated cat nerves. 

Method. In cats under dial anesthesia (Ciba, 0.75 cc. per kgm., intra- 
peritoneally) the sciatic nerve on one side was cut at its emergence from 
the pelvis. The peroneal nerve was cut near the head of the fibula and 
the central end was dissected free for about 3 cm. One or two pairs of 
shielded silver-wire electrodes were placed for stimulation toward the 
pelvic end of the segment of the peroneal isolated by the cuts. In order 
to preven' -^lii^ular responses by spread of the stimuli, the popliteal and 
the nerv y?^o tliU^mstring muscles were cut. 

Recording electrc^es of the Sherrington type (shielded by glass tubing) 
were applied to the d^ected peripheral end of the peroneal. Two large 
chloridcd silver wires wci'C'Sufficiently impolarizable for accurate recording 
of the nerve potentials. The stimuli were condenser discharges rendered 
diphasic by passage through a transformer. 

Care was taken to preserve the blood vessels of the nerve. Intra-arterial 
injections were made into the abdominal aorta through a cannula tied in 
the inferior mesenteric artery. That the nerve was adequately supplied 
with blood was .shown by the prompt effect obtained upon injection of 
veratrine (see fig. G). The upper parts of the animal gave much less evi- 
dence of veratrine poisoning than the area supplied by the lower aljdominal 
aorta. 'Fhe heart remained strong, and adequate respiration continued. 

The electric responses were recorded from a cathode-ray oscillograph. 
For the investigation of the slow components of the responses and their 
correlation with spikes, a five-stage direct-coupled amplifier Wiis used. 
The more rapUl component.s were more conveniently stutliod with the aid 
of a five-stage (■ajja(‘ity-coupled amplifier. 

730 
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Results. A. Demarcation 'potential. The records were alwa^^s taken 
from an intact to a crushed region of the nerve. Changes of the demarca- 
tion potential could therefore be readily followed in all the experiments in 
which the direct-coupled amplifier was used. 

Bishop (1932) observed a decrease of the demarcation potential when a 
region of a nerve was treated bj’’ veratrine. A decrease was frequently seen 
■ in the present study . On the other hand, an increase, instead of a decrease, 
was also occasionally present. The conditions which determme the sign 
of the change were not studied. For present purposes it is sufficient to 
state that all the effects to be described below could occur when the 
demarcation potential had been increased or decreased, or was practically 
unchanged by the dose of veratrine administered. 

B. Conduction velocity. The conduction velocity of the fastest A fibers 
was calculated from the stimulus-response interval in the usual manner. 
The sources of error inherent to this method are well known. In order to 
minimize the error due to spread of the stimulus, submaximal shocks were 
employed, which activated about 50 per cent of the A fibers in the nerve. 

• Relatively small doses of veratrine (e.g., O.o to 1 mgm. per kgm.) resulted 
as a rule in no significant change of conduction velocity. Larger doses 
caused usually a marked decrease of conduction velocity of both the a and 
‘i3 elements in the nerve. Thus, in a typical instance, while an initial injec- 
tion of veratrine, 1 mgm. per kgm., produced no slowing of conduction, a 
further similar injection made 10 min. later reduced the velocity of the 
fastest A fibers from 100 m. per sec. to 73 m. per sec. 

When the nerve was stimulated repetitively at frequencies of 1 to 60 per 
sec. after injections of veratrine, all responses after the first one took place 
before subsidence of the negative afterpotential corresponding to the 
preceding response (see section D). Indeed, in these conditions the nerve 
impulses often occurred during the period of increased electrical excitability 
following the preceding impulse, that is, during the period of supernor- 
mality. Whether or not veratrine had slowed the conduction velocity of 
the resting nerve there was never any evidence of an increase in the rate of 
conduction of impulses during the supernormal period. These observations 
agree with those of Graham and Lorente de No (1938) on normal circu- 
lated mammalian A fibers. 

C. Repetitive responses. Veratrine causes nerves to discharge repeti- 
tively in response to single brief submaximal or just maximal shocks (see 
Gasser, Richards and Grundfest, 1938; Dun and Feng, 1940). The first 
few repetitive responses were faii’ly synchronized and occurred at rates as 
high as 660 per sec. (fig- 1) • They then became progressively less synchro- 
nized and gave way to a continuous, gradually decreasing, asynchronous 
firing, which might last as long as 25 sec. after a single stimulus (fig. 4). 

The degree of repetition could be judged either by the rate and amplitude 



738 


G. H. ACHESON A. ROSENBLUETH 


of the earl}" S3"nchronizecl responses or by the amplitude of the later, 
asynchronous discharge. In the latter case, a large amplitude, that is, a 
high average spike height, was taken to indicate frequent random synchro- 
nization of large numbers of elements firing at high frequencies. The 



Fig. 1 Fig. 2 Fig. 3 


Fig. 1. Early synchronized repetitive spikes and augmented negative afterpo- 
tential of circulated peroneal nerve after veratrine (1 mgm. per kgm.). A to E, first 
5 responses to maximal shocks at a frequency of 0.7 per sec., demonstrating the decline 
of rate and magnitude of repetitive responses after the first shock. In this and sub- 
sequent figures showing sweeps, stimulus occurs at e.xtreme left. Calibration at 
bottom, 500 cycles. Direct-coupled amplifier. 

Fig. 2. Influence of frequency of stimulation on rate of repetitive responses after 
veratrine (4 mgm. per kgm.). Each sweep represents the response to a single maxi- 
mal shock several seconds after the beginning of a series at one of the following fre- 
quencies: A, 0.3S; B, 0.82; C, 1.8; D, 3.2; E, 5.6; and F, 9.0 per sec. Calibration, 500 
cycles. Capacity-coupled amplifier. 

Fig. 3. ElTect of veratrine on repetition and negative after-potential. Stimulation 
at S per sec. \ and B, .after a dose of 2.4 mgm. per kgm. ; C and D, after an additional 
dose of 5 mgm. per kgm. \ and C, condenser-coupled amplifier at high gain, to show 
asynchronous repetition. B and D, direct-coupled .amplifier at lower gain, to show 
negative after-potentials. The initial spikes were larger than appears in all the 
records. 

gnuluul docline of repetition rendered the duration of the response an 
inaeeurute measure of repetition. 

With increasing doses of veratrine the two eriteri:i mentioned tibove 
generally revealed a greater degree of repetition. Figure 5 illustrates the 
increase of both the rate and the amplitude of the early .synchrotiized 
re.s})on.ses with succe.ssive dose.s of the drug. A similar increase with dose 
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was found when the amplitude of the asynchronous phase of the response 
was studied. Large doses could bring about a decrease of the repetition 
(fig. 3 A and C). 

When, beginning with barely liminal stimuli, the shocks were progres- 
sively intensified the results were as follows. Repetitive responses were 
ehcited even by weak shocks which activated onl}^ a fraction of the a 
fibers. As the shoclcs were strengthened the degree of repetition increased 
vfith respect to the amplitude of the irregular spikes recorded. Shocks 3 
or 4 times stronger than those maximal for the A and B fibers of the nerves 
did not cause an}" significant increase of repetition over that elicited by 
just maximal stimuli. It may be concluded, therefore, that here the degree 
of repetition is not a function of the intensity of shock used, but of the 
number of fibers activated. 

The description has dealt thus far with the results of single shocks. If a 
second stimulus was delivered before the repetitive response to the first 
shock had subsided — in other words, if repetitive stimulation at various 
frequencies was used — the asynchronous phase of the response showed the 
following changes. The additional stimuli, after the first, caused an 
increase of the discharges. As a rule the first shock in a train caused the 
greatest effects; additional shocks produced less repetition. Occasionally, 
however, the second or third shock resulted in more repetition than that 
from the first. The greater the frequencj" of stimulation, the less the 
increment of response contributed by each additional shock. Even after 
prolonged repetitive stimulation, however, each shock still elicited a repeti- 
tive discharge, if the frequency was moderate. Thus, in one observation 
after 20 sec. stimulation at the rate of 5 per sec. repetitive bursts were still 
present. The subsidence of the repetitive discharges after the last shock 
in a train of stimuli took place sooner than when a single stimulus was 
applied. 

The influence of the frequency of stimulation on the degree of repetitive- 
ness elicited per shock could also be seen as a change in the rate and ampli- 
tude of the synchronous volle 5 '-s inrmediately following each stimulus. 
Figure 1 shows these early repetitive responses to a series of stimuli at 
0.7 per sec. The first stimulus produced a response in which repetitive 
firing began at a rate of 660 per sec. In response to the third stimulus the 
rate of repetition was 530 per sec., and in the subsequent responses the same 
rate was maintained. By applying different frequencies it was found that 
the level of this steady state is a function of the frequency of stimulation. 
Figure 2 exemplifies this relation. With increasing frequencies of stimula- 
tion the rate and amplitude of repetition decreased. When stimulation 
rates of 1 per sec. or less were employed, the repetition was essentially like 
that which follows a single shock in the rested nerve. 

D. The negative afterpotential. As shown by Graham (1930) veratrine 
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greatly increases the negative afterpotential of nerve. In figure 6 is shown 
the prompt increase of negative afterpotential following injection of vera- 
trine (0.5 mgm. per kgm.) in a typical observation. Negati\"e afterpoten- 
tials with peak values as high as 2 to 4 mv. were recorded. Thej" some- 
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Fig. 4. Prolonged repetitive discharge in response to a single maximal shock after 
veratrine (3.5 mgm. per kgm.). Capacity-coupled amplifier, high gain. The initial 
spike went off the tube. The successive strips show the asynchronous discharges at 
the beginning of the response and 5, 10 and 15 sec. later. The irregularities in the 
last record as compared with the initial background before stimulation indicate that 
the nerve was still active. Time calibration: 1 sec. 



Fig. 5. Influence of dose of veratrine on repetition. Superimi)osed tracings rom 
the original film. Responses to single maximal shocks. Lowest record, noiina 
control. Tlie progressively ascending records correspond to responses after 
trine, 1, 2 , 3 and 1 mgm. per kgm. Time: 1 msec, intervals. \ oltage cah ira- 
lion: 1 mv. 

time.s attained (50 per cent of the magnitude of the conducted .spike and 
were still measurable more than 12 see. after the .stimulus. Average figuies 
after 2 to 3 mgm. per kgm. of veratrine were as follows: spike magnitude 
(7 to S cm. conduction), 3 to 3.5 mv.; peak of negative afterpotential, 1.5 
to 2 mv.; duration of negative afterpotential, more than 0 sec. 
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When repeated small doses of veratrine were injected at intervals of 5 
to 30 min. it was seen that the amplitude of the negative afterpotential is 
directly related to the dose. In figure 7 are illustrated responses to single 
shocks after ^various doses of the drug. The amplitude of the peak of 
negativity gave a sigmoid curve when plotted against the dose of veratrine 
administered. It is interesting to note that after a certain amount of the 
drug was present, an additional injection could yield a significant further 




Fig. 6. Prompt effect of intra-arterial injection of veratrine as revealed by nega- 
tive afterpotential of peroneal nerve stimulated maximally at 0.8 per sec. Injection 
started 2 sec. before beginning of record; arrow marks end of injection. The excur- 
sions correspond to the negative afteipotential; the spikes are too fine to be seen. 






Fig. 7. Influence of dose of veratrine on negative afterpotential. Superimposed 
tracings from the original film. Responses to single maximal shocks. The progres- 
sively ascending records correspond to 0.2, 1.4, 2.4, 4.4, and 5.4 mgm. per kgm. of 
veratrine. Time calibration; 0.1 sec. Voltage calibration: 1 mv. 

increase of the negative afterpotential, whereas the degree of repetition 
caused bj'- a single stimulus was reduced (fig. 3). 

As revealed by fast records, the peak of the negative afterpotential 
occurred usually some milliseconds after the first spike potential had 
finished (fig. 5). Doses of veratrine which caused a significant increase 
of the negative afterpotential caused likewise the appearance of repetitive 
discharges. That a delayed maximum of residual negativit 3 ^ may develop 
without any detectable repetition has been shown, however, by Gasser 
and Graham (1931). 
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As was shown above for the degree of repetition, the amplitude and 
duration of the negative afterpotential did not increase when the stimuli 
were intensified beyond maximality. It may be concluded that the nega- 
tive afterpotential is elicited by the spike response, not directly by the 
stimulus (see Gasser and Erlanger, 1930). 

Repetitive stimulation at frequencies of 1 to 120 per sec. resulted in a 
summation of the negative afterpotentials corresponding to the successive 
responses (fig. 8). As a rule the highest residual negativity developed for 
any train of stimuli was that present at the peak of the response to the first 
shock. Only rarely did relatively high frequencies of stimulation (e.g., 
60 per sec.) produce, after a few shocks, more negativity than that attained 
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Fig. 8 Fig. 9 

Fig. 8, Negative afterpotentials in response to maximal stimulation at various 
frequencies after veratrine (2 mgm. per kgm.). Frequencies: A, 0.45; B, 4.1; and G, 
COpersec. Direct-coupled amplifier. Voltage calibration; 2 mv. Time calibration: 
1 sec. The spikes were larger than appear in the records. 

Fig. 9. Changes in spike magnitude in response to maximal stimulation at various 
frequencies after veratrine (2 mgm. per kgm.). Frequencies: A, 1.6; B, 13; C, CO 
per sec. Direct-coupled amplifier. Voltage calibration: 5 mv. Time calibration. 
1 sec. 


in re.sponse to a single stimulus. With increasing frequencies of stimula- 
tion the additional residual negativity contributed by each shock decreased. 

E, S-pike magnitude. Moderate doses of veratrine (e.g., 1 to 2 mgm. pei 
kgm.) usually caused no significant change or a slight increase of the spi 'c 
magnitude in response to a suprama.ximal stimulus. Further injections 
resulted in a decrease of the amplitude of the spike potential. Such a 
decrease could be due to a change of the response in each of the axons of the 
nerve, or it could be produced by the dropping out of some axons because 
of impaired conduction, the remaining fibers retaining a full-sized spike. 
It will be shown below that veratrine may indeed prevent conduction in 
nerves. When this occurred the nerve responses returned within a few 
minutes to slightly le.ss than the spike magnitude prevailing before the 
injection. The decrease in amplitude under consideration in this section, 
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on the other hand, endured, practically unabated, for over an hour. It is 
likely, theiefoie, that 'veiatrine can produce a decrease of the spike-poten- 
tial amplitude of A fibers. 

Repetitive stimulation after veratrine resulted usually in a characteristic 
sequence of the spike potentials recorded. The responses to successive 
shocks in a train first decreased in amplitude to reach a minimum at about 
15 to 50 msec, after the beginning of the series of stimuli. The spikes grew 
thereafter, remaining as a rule lower than the first maximal spike even if 
the stimuli were delivered for 5 to 30 sec. The changes were not due to a 
decrease of the excitability of the nerve fibers, for the stimuli could be 
greatly intensified beyond maximality with no change in the results. With 
frequencies of 0.5 to 200 per sec. the final level, e.g., after 5 sec. stimulation, 
was lower for fast than for slow rates of stimulation. With higher fre- 
quencies (e.g., 300 to 500 per sec.) the results were complex and their study 
was not pursued. 

Figure 9 illustrates these changes in spike magnitude. It is evident 
that the reduction of amplitude for all the shocks subsequent to the first is 
present whether the spikes be measured from the baseline from which 
they depart or from the original baseline prevailing before the repetitive 
series of stimuli was started. 

In all the cases in which this reduction of response was observed the 
shocks Avere applied at a time when the nerves Avere firing repetitively as a 
consequence of preceding stimuli. It is probable, therefore, that some of 
the fibers in the nerve should have been refractory at the time of applica- 
tion of the later stimuli. A reduction in the amplitude of the recorded 
spikes could then be due to a decrease in the number of responding elements. 
It is impossible to evaluate accurately the role of this refractory condition 
of some fibers in the records obtained, and hence to decide Avhether or not 
an additional factor Avas at play. The folloAving observations favor the 
interpretation that the phenomenon is not due exclusively to a decrease of 
the number of fibers activated by stimuli subsequent to the first in a series. 
With relatively small doses of veratrine a marked degree of repetition was 
seen in several animals Avith only a slight drop of the ceiling of the spikes 
elicited by trains of stimuli at various frequencies. Further injections of 
veratrine resulted occasionally in a reduction of the repetitive after-dis- 
charge Avith a greater decrease of spike amplitude during repetitive stimu- 
lation (fig. 3). 

In two cats the Avhole sciatic Avas stimulated. The mechanical responses 
of the Achilles tendon muscles Avere recorded on a kymograph and the 
electric responses of the peroneal nerve Avere led to the amplifier and oscillo- 
graph as usual. Figure 10 illustrates the records obtained after veratrine 
(3 mgm. per kgm.) . It is clear, that the reduction of nerve electric response 
to successive stimuli is not attended by a parallel reduction in the mechano- 
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gram, as would have taken place had there been fewer nerve fibers activated 
by the stimuli after the first shock. It is concluded, therefore, that the 
decrease of initial spike amplitude denotes a diminution of the spike poten- 
tial of the individual fibers. 

F. Alternation. At certain frequencies of stimulation the responses of 
veratrinized nerve often showed alternation. Tj'^pically the responses to 
the third, fifth, seventh and ninth shocks in a series were larger than those 



Fig. 10 Fig. 11 

Fig. 10. Independence of nerve spike amplitude and of muscular responses after 
vcratrine (4 mgm. per kgm.). Ala.ximal stimulation of the sciatic nerve at the rate 
of 0.7 per sec. Lower record: mechanogram from Achillcs-tendon muscles (time 
signal: 5 see.). Upper tracing: relative magnitude of the initial spikes recorded 
monophasicallj' from the peroneal nerve. 

Fig. 11. .'Vlternate degree of response to repetitive stimulation at 7 per sec. after 
vcratrine (4.4 mgm. per kgm.). .-V. Responses to first 11 shocks in a series. Diiect- 

coupled am]jlifier. B. ^leasurcmcnts of several features of the responses in ^ lljt-’ 

numbers in the abscissae correspond to the successive shocks. Circles: inagm u e 
of initial spike. Dots: rate of repetition (calculated from fimt 2 or 3 interva s). 
White squares: magnitude of second spike. Black squares: increment of negative 
afterpotential. 


to the even-numbered .shocks. Occasionally evciy third or fourth shock 
produced a larger re.sponse. While alternation usually decrei^ed ant 
liecame unrecognizable after the seventh or ninth shock, in some instances 
it persisted through as many as twenty responses. 

Heveral features of the responses participated in the alternation. liguie 
1 1 A .shows the earbv part of the responses to the first eleven maximal shocks 
deliveretl to the nerve at a rate of 7 per sec. In figure 1 1 B the data for the 
re.sponse to each shock are plotted in columns corresponding to the ordei 
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of shocks. Ihc most striking alternation occurred hi the magnitude 
(white squares) and rate (dots) of the sjmchronized repetitive spikes of the 
responses. There was no alternation of the individual spikes within each 
repetitive train; the train as a whole grew alternately larger and smaller 
in response to successive shocks. The increment of negative afterpotential 
contributed by each shock (black squares) also waxed and waned strildngly . 
Less obvious, in some instances not demonstrable, was alternation in the 
magnitude of the initial spikes following the stimuli (circles). 

Frequency of stimulation was critical for the occurrence of alternation. 
The phenomenon rarely occurred at rates lower than 5 or higher than 10 
per sec. If maximal stimulation was graduallj'' accelerated from 1 to 15 
per sec. alternation appeaiud suddenly at some frequency within that 
range and then vanished at a higher frequency. With this procedure the 
magnitude and rate of the ear!}'- synchronized repetitive spikes of the 
larger responses during alternation were greater than those of non-alter- 
nating responses at frequencies just below the range of alternation. 

The appearance and degree of alternation were not affected by increasing 
the strength of the stimuli up to 3 times maximal; they were not influenced 
by the dose of veratrine (from 0.5 to 6.5 mgm. per kgm.). There was no 
correlation between the degree of alternation and the changes of initial 
spike magnitude on repetitive stimulation illustrated in figure 9. 

G. Electrical excitability. An increase of the resting electrical excitabil- 
ity of nerves after veratrinization has been reported by several observers 
(see, for references, Graham, 1934). Increased excitability was commonly 
seen in the present study soon after an injection of the drug. This stage, 
however, was followed within a few minutes by a prolonged decrease so 
that the resting electrical excitability was less than before the injection. 

When several small doses (e.g., 0.2 to 0.5 mgm. per kgm.) were injected 
with intervals of 10 to 30 min. each successive dose resulted, as a rule, in 
the sequence of changes of excitability mentioned above, first a transitory 
increase and then an enduring decrease. Since the successive injections 
were often given at intervals of time which insured cumulative effects, 
it is likely that the period of increased excitability does not correspond to a 
^mall concentration of the drug in the nerves but rather to the penetration 
of the poison into the nerve. 

Whereas the period of increased excitability was too brief for a detailed 
study of the strength-duration curve, that of decreased excitability could 
be studied at leisure. The voltage-capacity curve was found to shift 
upward and to the left. The voltage parameter increased markedly, while 
the time parameter decreased slightly. 

In some observations the nerve was stimulated b}'- fairly long (17 msec.) 
direct current pulses. In normal nerves the lowest threshold for stimula- 
tion is to the make of the current, and a response to the break is obtained 
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onlj^ with 2 to 5 times stronger currents. After veratrinization the response 
to the break was obtained with the same intensity as, or even with weaker 
currents than, those necessary'- for responses to the make. This strilcing 
change in the relative thi-esholds for stimulation with the make and the 
break may explain effects seen occasionally using condenser discharges as 
stimuli. When the cathode was proximal to the recording electrodes and 
the voltage was progressively'- increased the fu-st response detected had a 
long latency'-, corresponding to conduction from the distal anode. With 
stronger stimuli an additional earlier spike appeared with a latency' pz-oper 
to conduction from the cathode. Further intensification resulted in an 
increase of the early response and a decrease of the later spike. Finally’- 
only' a maximal A spike from the cathode was seen. 

The changes of excitability resulting from conditioning the nerve by' a 
maximal stimulus were studied as follows. Two pairs of stimulating elec- 
trodes were applied. The pair distal to the recording electrodes was used 
for the conditioning stimulus, and the proximal pair delivered the single 
or repetitive submaximal test stimuli. A decrease or an increase of excit- 
ability after the maximal conditioning stimulus was indicated by a decrease 
or an increase of the amplitude of the responses to the test stimuli. 

In some of the animals studied veratrinization did not result in a period 
of supernormality' — i.e., at no time after a conditioning stimulus was there 
any' evidence of increased electiical excitablity'; indeed, the obvious result 
of veratriize could be a prominent subnormality' prevailing for over a second 
after the conditioning shock. This absence of supernormality was seen 
in nerves in which the dose of veratiine injected had caused marked repeti- 
tion and increase of the negative afterpoteiztial. These results agree with 
the observations made by' Graham and Gasser (1931). 

In other cases the conditioning volley was followed by' supernormality' 
which disappeared after about 0.1 sec. Finally', in other instances an 
initial subnornzality' was followed after 0.05 to 0.15 sec. by a later more 
prolonged .supernormality'. In all cases a large and long negative after- 
poteiztial was present. When an zipparent subnormality' was present the 
minimal responses coincided roughly' with the peak of the negative after- 
potential of the conditioning volley and with the minimum of the decrease 
of .spike magnitude when zz series of maximal stimuli were applied 
(.section E). 

1 lie results are complicated, and their interpretation made consequently' 
difficult, by' the two following factoz’s. First, an approximate estimation 
of the number of nerve fibei's activated by' zi submaximal test stimulus czziz 
be mazle by comparison with the I'esponses elicited before conditioning 
only ii the spike zunplitiule per fiber remains constant. It was shown 
iihove, however, tiuit the spike magnitude vziries during repetitive stinzu- 
iatiun after veratrini' (fig. 9). 
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The second complicating factor for the interpretation of the observa- 
tions on changes of electrical excitability with repetitive test stimuli 
lies in the phenomenon of recruitment. As pointed out by Gasser (1938) 
trains of subliminal stimuli are able to recruit fibers over series of several 
shocks, so that the responses become progressively larger as stimulation 
is continued. Veratrine favors, as a rule, the appearance of recruitment. 
The observations of Gasser were fully confirmed. The first complicating 
factor— a change of spike magnitiide~was present in all the observations, 
ndiether single or repetitive test shocks were emploj-ed. The factor of 
recruitment was especiallj'' significant when the test stimuli were applied 
continuously at relativel 3 '’ fast rates (1 to 60 per sec.). 

H. Abolition of nerve responses. Doses of veratrine of 2 to 5 mgm. per 
kgm. greatly diminished or canceled entirely any recordable electric re- 
sponses. The effect was reversible; within a few seconds to several minutes, 
spike potentials could again be detected, their amplitude increased and a 
complete recovery was soon reached. Further injections could again 
lead to new reversible cancellation of the responses. 

In 5 animals the whole sciatic nerve was stimulated. The electric re- 
sponses of the peroneal or the popliteal nerve and the mechanical responses 
of the Achilles tendon muscles were recorded. In 4 of these 5 eats a de- 
crease or an abolition of the muscular responses coincided rigorously with a 
decrease or an abolition of the nerve responses. In the exceptional animal 
the muscular responses were markedly and reversibly reduced by doses of 
veratrine which did not significantly decrease the amplitude of the nerve 
spike potentials. It may be inferred that in the conditions of these experi- 
ments failure of muscular responses after large doses of veratrine is usually 
due to a tojdc effect on the motor nerve fibers. 

Discussion. The appearance of repetitive responses after veratrine 
was coincident with an increase of the negative afterpotential. The latter 
is probably a manifestation of a process elicited by the spike response, not 
directly by the stimulus. Thus the conduction velocity of the negative 
afterpotential is the same as that of the spike potential. Furthermore, the 
amplitude and time course of the negative afterpotential do not depend 
on the intensity of the stimuli (p. 742). It is likely, therefore, that the 
additional spikes in a repetitive burst add to the residual negativity caused 
by the first spike in the response. That veratrine increases the negative 
afterpotentiai resulting from a single spike is shown, however, by the greater 
I’esidual negativity of veratrinized nerves as compared to noimal neives 
when stimulated repetitively even at Iiigh frequencies. It is also shoym 
by the observations on excised nerves, in which an increase of the negative 
afterpotential is the rule and repetition only exceptional (see Graham and 
Gasser, 1931; Gasser, Richards and Grundfest, 1938). 

.The results of repetitive stimulation (fig. 8) support Gasser’s (1937) 
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conclusion that the negative afterpotential is capable of summation. The 
maximal residual negativity occurred as a rule shortly after the first spike 
and further stimuli had onty slight additional effects. The suggestion 
emerges that the process responsible for the negative afterpotential is 
limited and that a period of recovery is necessary after a response before a 
full-sized development of the process may be renewed. The existence of a 
recovery period for the process underlying the negative afterpotential 
does not support the view that the residual negativity is due to the metabo- 
lites of nerve conduction (see Gasser, 1937, for a discussion of the inter- 
pretation of nerve afterpotentials). 

The frequency and duration of the repetitive burst of impulses elicited 
by a single stimulus after veratrine does not depend upon the intensity of 
the stimulus (p. 739). It is likety, therefore, that the burst is a conse- 
ciuence of the first spike. As in the case of the negative afterpotential, 
successive shocks in a series add only slightly to the preexisting repetitive 
responses. An argument similar to that used above suggests that the 
process underlying repetition is limited and requires a recovery period. 

Repetitive discharges of mammalian A fibers in response to a single 
brief shock may be seen in other conditions: alkalinity, asphyxia, low Ca 
(Lehmann, 1937a, b, c). That the mechanism of repetition after veratrine 
is probabty different from that wliich corresponds to those conditions is 
suggested by the two following considerations. In the cases studied by 
Lehmann the repetition was mainly an exaggeration of spontaneous con- 
tinuous discharges taking place without stimulation; furthermore, the 
resting electrical excitability of the nerves was greater than normal. After 
veratrine, on the other hand, the resting electrical excitability maj’’ be less 
than normal (p. 745) and there is no evidence of any spontaneous dis- 
charges outside the periods of stimulation. 

Gasser and Grundfest (1936) found a good correlation between the 
degree of spontaneous repetitive discharge of cut phrenic nerves and the 
supernormal excitability during the periods of negative afterpotential. 
Such a correlation was also present in Lehmann's {loc. cil.) observations. 
It is likely that supernormality, when present, may favor repetition of 
responses after veratrine. Repetition was seen, however, in nerves in 
which there was no evidence of supernormal excitability at any time after 
a conditioning shock (p. 746). Since in these nerves, as well as in those 
which ditl show supernorraality, the resting electrical excitability was 
decreased by veratrine, it is clear that repetitive responses may occur 
despite a depres.scd electrical e.xcitability. 

.-Vn incn-iLsed excitability of nerve would probably promote repetition 
of response whatever the mechanism I'csponsible for that repetition. It 
would, on the other hand, be an indispensable factor only if repetition wei’e 
dim to a continuous subliminal stimulation. An alternative assumption 
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is that nerve, like the heart, has the intrinsic ability to discharge rhyth- 
mically. Veratrine may favor the manifestation of this ability. The 
long enduring rhythmic discharges could then be due to any of the long 
enduiing piocesses which follow the first response, e.g., the process which 
underlies the appearance of the negative afterpotential. The analogy 
with the heart is supported by the well-known fact that a quiescent heart 
or strip of cardiac muscle may start beating rhythmicall 3 >- after application 
of a single sthnulus. 

As mentioned in section E, the initial spikes in response to successive 
shocks after veratrine show a characteristic decline of amplitude followed 
b}’’ a later increase. Some of the factors which complicate the interpreta- 
tion of the phenomenon have been stated (p. 743). Since the first shock 
causes the appearance of a repetitive burst the subsequent stimuli niaj'- find 
some of the fibers refractory. Furthermore, increased temporal dispersion 
of the recorded response due to slowed conduction during the relativelj’- 
refractory period would result in a decrease of the magnitude. The 
observations in wliich the muscular responses were recorded together with 
the nerve potentials (fig. 10) stronglj' support, however, the inference that 
the early decrease of the recorded spikes is due at least in part to a diminu- 
tion of the spike amplitude of each fiber. 

The decrease of the spikes occurs at the time when the negative after- 
potential is approximate!}'’ at its peak. It is tempting to infer a correlation 
from this parallelism. Certain observations, however, suggest an addi- 
tional mechanism for spike depression. Thus, in some experiments a given 
dose of veratrine determined the appearance of a large negative after- 
potential without an}’’ significant earl}’’ decline of the spikes. This addi- 
tional factor may be the rate of repetition of the responding fibers. The 
assumption that the amplitude of the spike potential is inversel}’' propor- 
tional to the frequency of discharge accounts both for the earl}’^ decline 
of the responses — since man}'' fibers would be then discharging at a rapid 
rate — and for the later rise, when the rate of repetition would probably be 
slower. This assumption agrees also with the decline of spike amplitude 
observed upon rapid stimulation of normal nerves. 

Alternation (fig. 11) could be due to variability either in the numbei of 
fibers activated by successive stimuli or in the responses of a constant 
number of fibers — i.e., alternation of individual fibers. Since the initial 
spike amplitude alternated only slightly as compared to the maiked 
changes in the other features of the responses, and since alternation was 
independent of the intensity of stimulation (p. 745), it is concluded that 
alternation may occur in individual fibers. The existence of a ciitical 
range of freciuencies for alternation suggests that the phenomenon is due 
to a cyclical process with a period of 100 to 200 msec. The nature of this 
process is obscure. 
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It has been frequently assumed that veratrine has a “curarizing” action 
upon neuromuscular systems — i.e., that, like curare, it stops transmission 
of motor nerve impulses, the nerve and the muscle remaining independent!}'- 
excitable and functional. The observations in section H render this 
assumption questionable (see also Boehm, 1920). In 4 of the 5 animals 
in which both nervous and muscular responses were recorded, a failure of 
the muscular reaction took place onl}'- when the nerve was obviously un- 
responsive. Such results are quite different from those produced by 
curare. Even in the one animal in which a decrease of muscular contrac- 
tions was seen while the nerve responses were unimpaired it is not certain 
that the failure was one of transmission. It is possible that the muscle 
may have become correspondingly unresponsive. 

A relatively simple hypothesis to account for all the striking changes 
which veratrine causes in nerve might be elaborated if a consistent corre- 
lation of these changes were present. A broad correlation of some of the 
changes is apparent upon superficial examination of the data. Thus, as a 
rule, a large negative afterpotential coincided with marked repetition of 
responses, with a supernormal electrical excitability after a conditioning 
shock, and with a decrease of spike magnitude upon repetitive maximal 
stimulation. Indeed, the time course of the four effects was roughly 
similar. 

A closer study, however, reveals important discrepancies in this correla- 
tion. Thus, large doses of veratrine may lead to large negative after- 
potentials with only slight repetition (fig. 3). Similarly, marked residual 
negativity may take place without supernormal excitability (p. 746, 
Graham and Gasser, 1931). The independence of the several effects 
observed is further emphasized if the analysis includes also the considera- 
tion of the demarcation potential and of the conduction velocity (p. 
737). 

It is likely that the broad correlations suggested by this and many other 
previous studies are not casual coincidences. The possibility of obtaining 
independent variations of the several properties, howevei’, indicates that 
each property may be modified by other as yet unknown factors (cf. 
Graham and Gasser, 1931). 


SUM.MARV 

The responses of circulated cat's peroneal nerves were recorded after 
intra-arterial injections of veratrine. 

X'eratrine has inconsistent effects on the demarcation potential (p, 737). 
It decreases the conduction velocity (p. 737). It causes repetitive dis- 
ciuirges in response to i)rief single stimuli (figs. 1 to 5). It increases the 
negative itfterpotential (ligs. 6 to 8). It results in a decretise of spike 
potential magnitude (ligs. 9 and 10). It elicits alternation of resjtonses at 
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certain frequencies of stimulation (fig. 11), It first augments and later 
depresses the resting electrical excitability (p. 745). It alters the normal 
relationship between the thresholds for make and break stimulation by 
direct current pulses (p. 745). Large doses reversibly abohsh all responses 
(p. 747). 

A broad correlation was found among negative afterpotential, repeti- 
tion, supemoiTuality, and decrease of spike potential amplitude. This 
correlation, however, had many exceptions. Each of these features could 
vary independently (fig, 3; pp. 748-750). 
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A cellular limitation in the renal tubular reabsorption of glucose is 
manifested by the inability to transfer more than a certain maximal 
quantity per unit time. For convenience we term this quantity glucose Tm 
and express it in milligrams per minute. In the normal, well hydrated 
dog, glucose reabsorption remains essentially complete vdth successive 
increments in plasma concentration until the filtered load'- approximates 
glucose Tm. Further elevation of plasma glucose results in abrupt gly- 
curesis and the quantitative excretion of the excess glucose. Under these 
circumstances glucose excretion is equal to the difference between the 
fdlered load and glucose Tm{l). The usefulness of a Tm measurement in 
physiological investigations depends to a large extent upon its stability 
and reproducibility. This report presents an examination of the glucose 
Tm with specific reference to these qualities. 

Experimental procedure. Seven healthy, well-trained female dogs 
were used. In general the experimental procedure was the same as pre- 
viously described (1). The plasma level was quite constant during any 
series of observations except in those which specifically examined the 
effect of a changing plasma level. As a routine the absolute plasma con- 
centration was sufficient^ high that the fdtraiion load was at least 1.5 times 
glucose Tm. The hydration of the animal was assured by the preliminary 
administration of 50 ml. of water per kilogram. This was an adequate 
fluid reserve in those experiments where the urine output exceeded the 
infusion rate. The experiments which simply evaluated glucose Tm 
followed the routine of the first three periods of the experiment shown in 
table 1. 

Glomerular filtration rate was assumed to be equal to the phisma creati- 
nine clearance. Tubular reabsorption of glucose was calculated as the 
difference between the glucose load and its concurrent rate of excretion, 
A correction was made for renal dead space if there was a rajiid change in 
pkisina concentration. This was measured in our animals by determining 

* lu Jiiilljgnuns per minute this is eijual to the product of the rate of glomerular 
liitratioi! (ml. per min.) and the phi.sma gluco.-ju concentration (mg. per mb). 



GLUCOSE Tm 


753 


the amoimt of clear urine excreted following the intravenous injection of 
10 ml. of concentrated cyanol solution. The dead space was roughly 
proportional to urine flow over a considerable range and was quite close 
to the amoimt of urine formed in two minutes (mean = 2.23 min.). 

Experimental results. The influence of changing plasma glucose 
concentration on its renal tubular reabsorption. In a series of 13 experiments 
glucose Tni was measured in three periods at a constant elevated plasma 
glucose concentration; the glucose in the infusion fluid was then removed 
or decreased in concentration and additional observations made as the 

TABLE 1 

A 71 experiment which examines the effect of falling plasma glucose concentration on the 
renal tubular reabsorption of glucose in the normal dog 
6/14/37; dog G: 

0 time 1000 ml. water bj' stomach tube 

30-40 3.0 grams creatinine, 25 grams glucose in 150 ml. of 0.85 per cent 

NaCl solution 

40-116 Constant infusion started at the rate of 6.0 ml. per minute. 

Glucose 20 per cent, creatinine 0.6 per cent made up in 0.85 per 
cent NaCl 


85 Initial period started 

116-end Infusion continued at rate of 6.0 ml. per minute. Creatinine 0.6 

per cent made up in 0.85 per cent NaCl 


PE- 

bio D 
num- 
ber 

CONCURRENT 

TIME 

! xrniNB 
FLOW 

PLASMA LEVEL 

CREATININE 

GLUCOSE 



clearance 



Reab- 

sorbed 



ml. per 

ingrn. 

vigtn. 

ml. per 

7ng7n, 

ing77i. 

mgiri. 


min. 

7nin, 

per cent 

per cent 

77iin. 

per min. 

per tnin. 

per 771171 » 

1 

85- 94 

18.6 

35.2 

666 

80.1 

533 

313 

220 

2 

-104.5 

14.4 

33.8 

648 

77.6 

503 

293 

210 

3 

-113 

10.2 

33.2 

624 

84.5 

527 

302 

225 


120-128.5 

4.2 

31.9 

467 

82.2 

384 

172 

212 

5 

-137.5 

2.1 

31.6 

332 

82.8 

275 

41 

234 

6 

-148 

1.6 

31.6 

220 

83.2 

183 

8 

175 

7 

-165 

1.3 

31.6 

175 

85.9 

150 

0* 

150 


* Less than 0.5 mgm. per minute. 


plasma concentration was falling (table 1, fig. 1). Glucose Tm was taken 
as the mean of the three initial observations. Reabsorption in the sub- 
sequent periods was calculated as the ratio of the observed rate to glucose 
Tm (i.e.j TITm). In figure 1 these ratios are plotted against filtration 
load for the period, also expressed in terms of Tm (i. e., load/Tm). In 
other experiments, observations on a rising plasma glucose were contrasted 
to subsequent periods when the plasma concentration was falhng. In 
still others, observations on a rising curve were compared to subsequent 
periods at the high plasma concentration. 
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The experiments of the first group (fig. 1) are the only ones which suggest 
that glucose reabsorption may be conditioned by the direction and rate 
of change in the plasma glucose^. Even in this gi-oup the effect is neither 
constant nor extensive. The ratio T/Tm on a falling plasma glucose is 
sigmficantly below 1.0 in a few experiments but the mean of the entire 
group is 0.941 {a = ±0.070, 37 observations) and there is extensive 
overlapping between these and the control observations (1.00 ± 0.53, 
36 observations). This is an uncertain demonstration that a rapidly 
falling blood glucose level influences reabsorption. It is our belief that 
the mechanical factor of renal dead space is quantitatively more important 
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Fig. 1. The effect of rapidly falling plasma concentrations of glucose on its renal 
tubular reabsorption. 

The control periods which serve as the standard of reference in each experiment 
are not shown. Each dot represents the ratio observed in a single e.xperimcntal 
period. Periods in which the ratio load/Tm spans the value of 1.0 have been omitted. 

Fig. 2. Showing the lack of correlation between glomerular filtration rate and 
glucose Tm. 

Each point represents an e.xperiment of three or more periods. The mean glo- 
merular filtration rate and glucose Tm has been calculated for each animal. Tiie 
values for each experiment have been plotted as the fractions of these means. The 
Si'rnbols used to represent each of the animals arc as follows: .4, dots; II, circles; B, 
open triangles; G, filled triangles; CT, half filled squares, C, half filled circles; P, 
cros.sed circles. 


than this. The latter makes it difficult to obtain a plasma concentration 
which is rejjresentative of the period. Plowever, the necessity for a constant 
pkisma glucose in the measurement of Tm is derived from both factors. 

T/ie influence of excess insulin on glucose rcabsorplion. This was observed 
in sLx experiments. In each of these, a series of three control periods was 
obtained at an elevated plasma glucose level, 50 units of insulin were 
admhiistered intravenously, and after an interval varying from 0 to 50 
minutes a second series of observations was made. A summary of these 

' The rate of change of plasma glucose in most of these e.xperiments was cora- 
p.irable to that shown in table 1, 
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experiments is given in table 2. A depression of 10 per cent or more in 
the reabsorption of glucose was demonstrated in 4 of 6 experiments. 

The influence of adrenaline on glucose reahsor'ption. We have not ex- 
amined this in the dog, since there is an adequate series of observations on 
man (2). These experiments were similar in design to the insulin experi- 
ments. There was no change in glucose Tm which could be related to the 
influence of adrenaline on the transport system. 

The reproducibility of glucose Tm. The measurements of glucose Tm 
in a series of normal dogs^ subjected to repeated examination are given in 
table 3. These are sufficiently numerous in 5 dogs to define the variability 
which may be expected over a period of months. No precautions were 
taken to control the diet, nutritional status or general activity of the 

TABLE 2 


The influence of a large intravenous dose of insidin on the renal tubular reahsorption of 

glucose in the normal dog 




BEFORE INSULIN 


1 

.«TER 50 mirrs instniN iktravenocslt 1 

RATIO, 

GLUCOSE 

Doa 

NUM- 

BER 









1 

REAR SO BF- 

Number 

of 

periods 

Creat- 

inine 

clear- 

ance 

Plasma 

glucose 

Glucose 

Tm 

Num- 
ber of 
periods 

Time 

after 

insulin 

Creat- 

inine 

clear- 

ance 

Plasma 

glucose 

Glucose 

T 

TION 

AFTER 

INSULIN 

BEFORE 

INSULIN 



ml, per 
min. 

mgnt, 
per cent 

mgni, 
per min. 


min. 

ml, per 
min. 

mgm. 
per cent 

mgm, 
per min. 


A 

3 

77.0 

444 


3 

4&-97 

86.3 

261 

181 

0.88 


3 

48.4 1 

857 


4 

29-87 

52.0 

764 

173 

0.89 

H 

3 

1 

62.4 

878 

j 

252 1 

3 

44-96 

64.0 

915 




3 

83.1 

467 

243 

4 

32-90 

84.6 

545 

257 

WSSM 


3 

53.1 

999 i 

227 

5 ! 

16-95 

52.9 

1213 

174 

0.77 

B 

3 

67.8 

1 

827 ! 

220 

6 ! 

0-93 

69.4 

803 

212 

0.96 


animals except in the case of dog C. The protein content of the diet was 
varied considerably in this animal with no effect upon glucose Tm (general 
mixed diet 5/1/37 to 5/19/37; high protein diet 5/19/37 to 5/28/37; 
low protein diet 5/29/37 to 6/9/37 ; general mixed diet 6/10/37 to 10/26/37, 
see 3 for composition of diets). We did not observe the changes in glo- 
merular filtration rate which usually result from such dietary changes 
(3, 4, 5). However the maintenance of a high filtration rate may be at- 
tributed to the generous use of intravenous fluids. 

Dog P died two days after the last experimental observation. At the time of 
this experiment (6/11/37) he gave no evidence of distress. The lowering of glucose 
Tin in this experiment may be a true expression of variability in the normal animal; 
however, we believe that this experiment should be withheld from inclusion in the 
general consideration of the data. 
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TABLE 3 


Demonstrating the reproducibility of glucose Tm in the normal dog when repeated 
examination is inade over a period of months 


DOG 

DATE 

NUMBER 

OF 

PERIODS 

OLOMEB. 

FILTRATION 

RATE 

GLUCOSE 

LOAD 

Tm 

GLUCOSE 

Tm 

GLUCOSE 
Tm OBSER. 
Tm IIBAN 

QLOMER. 
FILTRATE 
PER MGM. 

Tm 




ml./min. 


mgm./min. 


ml./gm. 

A 

6/ 7/39 


77 


206 ' 

1.00 

0.374 


6/12/39 


48 


194 

0.94 

0.247 


7/10/39 


41 


190 

0.92 

0.216 


7/16/39 


55 

3.25 

195 

0.95 

0.282 


7/24/39 

3 

75 

2.03 

220 

1.07 

0.341 


7/31/39 

3 

60 

2.21 

185 

0.90 

0.324 


6/14/40 

3 

65 

1.70 

236 

1.15 

0.275 


6/24/40 

3 

71 

1.82 

220 

1.07 

0.323 




62 


206 



H 

6/ 5/39 

3 

62 

2.16 

252 

1.06 

0.246 


6/ 9/39 

3 

83 

1.59 

243 

1.03 

0.342 


6/26/39 

3 

53 

2.31 

227 

0.96 

0.233 


7/19/39 

3 

"68 

2.61 

233 

0.98 

0.292 


6/18/40 

3 

82 

1.29 

231 

0.97 

0.355 




70 


237 



B 

6/21/39 

3 

68 

2.55 

220 

1.07 

0.309 


7/12/39 

3 

78 

2.47 

191 

0.93 

0.408 




73 


205 



CT 

6/20/40 

3 

76 

1.85 

276 

WM 

0.275 


6/28/40 

3 

87 

1.99 

293 


0.297 


12/26/40 

3 

88 

1.53 

317 

1.07 

0.277 


1/24/41 

3 

109 

1.35 

301 

1.02 

0.362 


1/30/41 

3 

132 

1.72 

291 

0.98 

0.451 




98 


296 



G 

5/14/37 

6 

78 

t 

220 


0.356 


5/26/37 

5 

87 

t 

208 

0.98 

0.418 


6/14/37 

3 

81 

2.39 

215 


0.376 


10/ 4/37 

3 

64 

2.19 

213 


0.300 


10/20/37 

3 

74 

2.73 

211 

0.99 

0.349 




77 


213 



C 

5/19/37 

6 

128 

t 

2S5 

1.03 

0.449 


5/21/37 

4 

99 

2.23 

321 

1.16 

0.308 


5/28/37 

3 

126 

2.96 

274 

0.99 

0.460 


6/ 7/37 

5 

10-1 

t 

245 

O.SS 

0.425 


; 6/ 9/37 

7 

115 

t 

20S 

0.97 

0.429 


10/11/37 

2 


2.25 

276 

mmm 

0.290 


10/25/37 

3 

119 ! 

2. IS 

272 

0.9S 1 

0.438 




no { 


277 i 

j 
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TABLE 3 — Concluded 


DOQ 

DATE 

NUMBER 

OP 

PERIODS 

GLOMER. 

FILTRATION 

RATE 

GLUCOSE 

LOAD 

Tm 

GLUCOSE 

Tm 

GLUCOSE 

Tm OBSER. 
Tm MEAN 

GLOMER. 

filtrate 

PER MGM. 

Tm 

P 

5/10/37 

3 

ml. /min. 

97 

1.44 





5/24/37 

4 

89 

2.72 

355 




5/31/37 

3 

118 

2.03 

333 

0.98 

0.355 


6/11/37 

3 

86 

101 

3.09 



0.327 


* Died 2 days later.^ 

t Observed at a series of values for Load/Tm. 


The reproducibility of glucose Tm in any one animal is quite striking. 
The variation is more than ±10 per cent of the mean for any animal in 
only 3 of 35 observations. This consistencj'' is quite impressive since the 
measurement itself has an error in the order of magnitude of ±5.0 per cent. 
The mean glucose Tm derived from any three consecutive experiments 
would be quite adequate as a standard of reference for the study of subse- 
quent change and a diJBference of 10 per cent or more would have significance 
if it were capable of consistent reproduction. The independence of glo- 
merular filtration rate and glucose Tm previously noted in a limited series 
of observations (1) is clearly evident in the present data (fig. 2). 

Discussion. Relativel}'" few precautions need be observed in measur- 
ing glucose Tm in the dog because of the stability which characterizes the 
system. The insulin experiments suggest that an extensive change in 
cellular metabolism may be a factor in conditioning the transport mecha- 
nism. However, the absence of any change when adrenaline is admin- 
istered or when the dietarj'- regime is extensively varied minimizes the 
practical significance of this. The constancy and the absolute level of 
plasma glucose are obviously important. Rapid changes in plasma con- 
centration should be avoided if only to prevent an error due to renal dead 
space. An additional reason lies in the possibility that such changes may 
in themselves affect the activities of the system. Amy absolute concentra- 
tion which results in frank glycuresis will be adequate to saturate all the 
nephrons' in the normal, well hydrated dog since further elevation 
does not result in any increase in glucose reabsorption (1). When the 
measurement is applied to abnormal material higher plasma concentrations 
are advisable since this relationship between glomerular and tubular func- 
tion may be altered (2). 

* This is an interesting finding since there is marked variability in the length of 
the proximal tubules in the dog (10). One may infer from this that there must be 
proportionate variation in glomerular development. If this were not so the precise 
oalancing of tubular and glomerular function in the individual nephrons which con- 
tribute to total renal function could not occur. 
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/ 

The reproducibility of the glucose Tm is suflacient that it may be accepted 
as an excellent method for the characterization of the kidney. It is a 
quantitative functional measurement® of the tubular tissue available for 
glucose reabsorption (presumably proximal) under the conditions of the 
experimental rountine; hence the tissue with operating glomeruU (6, 7). 
It is to be stressed however, that the expansion of plasma volume which 
accompanies the maintenance of an elevated plasma glucose may bring 
into action glomeruli which otherwise would remain closed. 

The relatively constant glucose Tm, despite variations in glomerular 
filtration rate, is in keeping with the histological evidence that essentially 
all the nephi’ons are continuously active in the normal dog (8). The 
absence of an increase in glucose reabsorption with progressive elevation 
of plasma glucose is also in favor of this interpretation. It seems likely 
that if there were a considerable number of inactive nephrons at moderate 
plasma levels some of these would be serviced by blood when the circulatory 
system is expanded by the high infusion rates necessary to produce severe 
hyperglycemia (1). In this view, variations in glomerular filtration rate 
such as we have observed are due to changes in the filtration pressure of 
the enthe glomerular bed rather than to changes in the number of active 
nephrons. It may be possible that under certain circumstances nephrons 
can be withdrawn from activity as seems to be true in the avian kidney 
(9) and that some of the larger variations in our data may be the result 
of this. However, large variations in glucose Tm were too infrequent in 
our data to make this a safe conclusion at the present time. 

SiraiaiARY AND CONCLUSIONS 

1. The glucose reabsorptive system, as evaluated by glucose Tm, has 
considerable stability in the normal dog. Although we have observed 

* Our data are too meagre to establish a cori'clation between glucose Tm and body 
weight, surface area, or kidney weight. The variation in Tm per gram of renal tissue 
is quite surprising. This warrants specihc e.xamination over a wider range of both 
variables and should include other methods of e.xpression of tissue mass. The data 
pertinent to this comparison which are at hand follows: 


X)OG 

GLUCOSE Tm 

BOOT WEIGHI* 

SUBTACB AllE.A* 

kidket weight 


tugm, per mvi. 

kgm. 

SQ.m, 

QTams 

A 

206 

14.0 

0.60 

100 

H 

237 

17.0 

0.G9 

138 

B 

205 

16.5 

0.68 

104 

CT 

296 

23.0 

0.92 

152 

G 

1 215 

17.0 

0.78 

148 

c i 


24.0 

1.03 


P i 


26.0 

1.04 



* V.'lien fust e.xamincd. 
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some depression when the plasma glucose falls precipitously, this is slight 
and inconstant. Adrenaline has no effect upon glucose transport and one 
must use excessive doses of insulin to produce a significant depression and 
then it is not a constant phenomenon. 

2. For the valid measurement of glucose Tin it is essential to work at a 
constant plasma level of adequate absolute concentration and to provide 
for the adequate hj'^dration of the animal. It seems unlikely that close 
control must be maintained over other variables. 

3. The reproducibility of glucose Tin measured under these conditions 
is excellent. It is recommended as a dependable means for the quantitative 
characterization of tubular (proximal) reabsorptive function. 

4. Contrary to the constancy of glucose Tin the rate of glomerular 
filtration varied widely in these experiments. This feature of the data and 
other considerations indicate that under the conditions of our experiments 
essentially all the glomeruli are functioning and variations in filtration 
rate are the result of changes in the filtration pressure of all glomeruh 
rather than in the number of active nephrons. 

Appendix. Chemical methods. The handling of the samples and the precautions 
taken in the analyses were the same as in our previous report (1). The chemical 
methods used in the e.xperiments on dogs C, G and P were also the same. For the 
remaining dogs these were as follows: Plasma filtrates were prepared in 1:10 dilution 
using the ferric sulfate-barium carbonate method of Steiner, Urban and West (11). 
Excess barium in the filtrate was removed by the addition of minimal quantities of 
sulfuric acid, CO 2 was then shaken off and the pH adjusted to 7.0 with phenol red 
and sodium hydroxide. The urines if not contaminated by protein were not precipi- 
tated. Creatinine was determined by a modification (4) of Folin's alkaline picrate 
method. The optical density of each sample was determined exactly 10 minutes after 
the addition of the alkaline picrate. True glucose was determined as the difference 
between the reducing power of the samples before and after absorption on yeast (12) 
using the method outlined below. All colorimetric determinations were made with 
the Evelyn photoelectric colorimeter. 

The Folin (13) sugar method proved to be unsatisfactory for adaptation to the 
photoelectric colorimeter. The reagent deteriorates rapidly, as evidenced by a 
progressive change in the slope of the standardization curve and there is a fairly 
rapid change in optical density after the addition of the acid phosphomolybdate and 
subsequent dilution. Furthermore the line relating optical density to glucose con- 
centration does not extrapolate to 100 per cent transmission at zero glucose concen- 
tration. 

Our modifications circumvent these difficulties to a large extent and introduce 
flexibility with respect to glucose concentration. In its present form, however, the 
method is not recommended for general application. Its most serious fault is its 
sensitivity to a change in the carbonate: bicarbonate ratio, a characteristic of copper 
reagents of this general type. For this reason it is essential that plasma proteins 
are precipitated by a method which yields a filtrate essentially neutral and with no 
Significant buffer capacity. The method described above satisfies these require- 
ments. 
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Solutions. The alkaline copper solution has the following composition: 

Reagent I 

Sodium carbonate (NaoCOj-HoO) 15.0 

Sodium tartrate 16.0 

Copper sulfate (CuS 04 - 5 H 20 ) 5.0 (50 ml. 10 per cent solution) 

Sodium bicarbonate 10.0 

Water to 1.0 liter. 

This is prepared as directed b}'’ Folin e.xcept that the copper sulfate is added at the 
time the tartrate reagent is made. Some reduced copper usually precipitates in the 
first few days, but this may be disregarded if care is e.vercised when removing the 
supernatant fluid. The reagent is quite stable despite slow changes in the boiled 
blanks. Standardization curves are reproducible for a period of 5 or 6 months, which 
is as long as we have observed any one sample of reagent. 

The acid molybdate solution is made up as directed by Folin except that the 
strength of sulfuric acid is increased by 30 per cent. This tends to stabilize the 
reduced phosphomolybdate color, although the degree of stability varies to some 
extent with different lots of reagent. The drift in optical density is generally less 
than two per cent in the interval of 20 and 30 minutes after the addition of the dilute 
phosphomolybdate reagent. We have routinely read our determinations from 20 
minutes, on wards. 

The determinations are carried out as directed by Folin with the following e.xcep- 
tions. There is no preliminary adjustment of the pH of the test solution in the sugar 
tube prior to the addition of the copper reagent, the boiling time is taken as 10 min- 
utes, and before reading the samples are permitted to stand for 20 minutes after 
mixing with the dilute acid phosphomolybdate. With each set of sugar determina- 
tions three boiled blanks (i.e., water and copper solution) are included and 100 per 
cent transmission taken from the tube most representative of the three. The vari- 
ability encountered in the blanks enters as a serious difficulty only in the lower 
ranges of concentration (i.e., 2.5 mgm. per cent or lower). 

Standardization curves are constructed as usual with aqueous solutions of glucose 
using the no. 635 filter for low concentrations (1. 0-5.0 ragm. per cent) and the no. 540 
filter for the higher ranges (2.5-15 mgm. per cent). The absorption curve of the re- 
duced phosphomolybdate is such that no error results from the use of a wave length 
quite removed from the absorption ma.ximum. Recoveries of glucose added in 
known amounts to plasma or plasma filtrates and submitted to our procedures were 
usually well within ±2.0 per cent of the theoretical. Reproducibility in practice was 
also within these limits. When proper care is taken in calculating dilutions, all 
.samples can be read with the no. 540 filter. 
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